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ENZYME INHIBITION BY DERIVATIVES OF PHENOTHIAZINE 


IV. INHIBITION OF SUCCINOXIDASE ACTIVITY OF RAT-LIVER 
MITOCHONDRIA! 


By H. B. CoLirerR AND G. M. ALLENBY 


Abstract 


The succinoxidase activity of rat-liver mitochondria was strongly inhibited 
by the following compounds (concentration for 50% reduction in rate of oxygen 
uptake is given in brackets): phenothiazine (1.4 107 M), phenothiazine sulph- 
oxide (2. g X 10-* M), and phenothiazone (5.4 X 10-* M). Thionol was only 
slightly inhibitory. The cytochrome oxidase activity of mitochondria was not 
inhibited by any of these compounds. 


Introduction 


Previous papers in this series (3-5) have described inhibition of various 
enzyme systems by phenothiazine derivatives, in an attempt to explain the 
anthelmintic action of phenothiazine. The third paper in the series (5) 
described the inhibition of beef-heart succinoxidase and cytochrome oxidase. 
In view of the findings of Schneider (14) and of Hogeboom, Claude, and 
Hotchkiss (8) that the succinoxidase and cytochrome oxidase activities of 
mammalian cells are concentrated in the mitochondria, it seemed desirable to 
test the effect of phenothiazine and some of its derivatives upon these enzymes 
in preparations of mitochondria. 


Experimental 

Materials 

Commercial phenothiazine (supplied through the courtesy of Merck and 
Co., Ltd., Montreal) was recrystallized from hexane and then used for the 
preparation of the oxidation products. Phenothiazone was prepared by the 
method of Pummerer and Gassner (13). The crude product was recrystallized 
from hot water to yield needle-shaped crystals which melted at 159-163° C. 
(corr.). Thionol was prepared by the method of Granick and Michaelis 
(6) as modified by Houston, Kester, and DeEds (9). Its molar extinction 


1 Manuscript received July 8, 1952. 


Contribution from the Department of Biochemistry, University of Alberta, Edmonton, 
Alta., with financial assistance from the National Research Council of Canada. 
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coefficient (in 0.01 M sodium hydroxide) at 590 my was 61,000 as compared 
with the value of 63,000 given by Granick and Michaelis for their product. 
The sulphoxide of phenothiazine was prepared by the method of Pummerer 
and Gassner (13); the product was recrystallized from ethanol and melted 
at 250-251° C. (corr.). 


OO ON 


O 

Phenothiazine Phenothiazine 

sulphoxide 

N N 

~ XQ 5 

Lo HO Lo 
S Ss 
Phenothiazone Thionol 


The cytochrome-c was the product of Sigma Chemical Co. 


A suspension of mitochondria of rat liver was prepared by the method of 
Schneider (15) which involves homogenization in isotonic sucrose and fractional 
centrifugation. The mitochondria from 1 gm. of liver tissue were made up 
to 40 ml. in isotonic sucrose for the enzyme experiments. Preparations were 
made fresh daily. 


Method 


The succinoxidase and cytochrome oxidase activities of the suspensions of 
mitochondria were determined by the manometric method of Schneider and 
Potter (16). The flasks were gassed with oxygen for 10 min. before the sub- 
strate was tipped in from the side-arms. 

The various inhibitors were dissolved in the buffer solution, with the excep- 
tion of phenothiazine which is insoluble in water. When the effect of pheno- 
thiazine was to be tested, it was dissolved in ethanol and 0.1 ml. of the solution 
was added to the system; an equal volume of ethanol was then added to the 
flasks for the control run in absence of inhibitor. Harpur, Denstedt, and 
Swales (7) have shown that phenothiazine is appreciably soluble in blood 
serum. But since the actual solubility in the enzyme reaction mixture was 
not known, the figures given in Table I for the concentration of phenothiazine 
represent millimoles added per milliliter of reaction mixture. 
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TABLE I 


INHIBITION OF SUCCINOXIDASE ACTIVITY OF RAT-LIVER MITOCHONDRIA 


0.50 ml. of suspension of mitochondria, in a total volume of 3.0 ml. Final concen- 

trations in the reaction mixture were: phosphate buffer (pH 7.4), 0.033 M; sodium 

succinate (pH 7.4), 0.05 M; cytochrome-c, 0.0000133 M; calcium chloride, 0. (0004 M; 

aluminium chloride, 0. 0004 M. Flasks were gassed for 10 min. with oxygen; 
potassium hydroxide in center well; temperature 37° C. 











Inhibitor Rate of Reduction in rate 
Inhibitor concentration oxygen uptake, | of oxygen uptake, 
M xX 10 pliter/hr. % 
Phenothiazine* 0 176 0 
5 125 28 
10 95 46 
25 70 60 
50 51 71 
100 32 82 
Sulphoxide 0 212 0 
tom 198 6 
10 159 25 
25 115 46 
50 59 72 
100 30 86 
250 23 89 
300 23 89 
Phenothiazone 0 212 0 
1 206 3 
4 175 17 
7 167 21 
30 129 39 
50 117 45 
75 89 58 
100 70 67 
300 55 74 














* The figures for phenothiazine concentration represent millimoles added per milliliter of 
reaction mixture. See text. 
Results 

Succinoxidase 

Phenothiazine, the sulphoxide, and phenothiazone were all found to be 
powerful inhibitors of succinoxidase activity. Several experiments with each 
compound gave similar results, and the values for representative experiments 
are presented in Table 1. Thionol at 0.001 M produced only 29% inhibition. 
The concentrations of inhibitors corresponding to a 50% reduction in rate of 
oxygen uptake were as follows:— 


Phenothiazine 1.4 X 10° M 
Sulphoxide 2.8 X 10° M 
Phenothiazone 5.4 X 10° M 


Cytochrome Oxidase 


The four compounds mentioned above were tested upon mitochondrial cyto- 
chrome oxidase activity, with ascorbate as substrate. (The ascorbate 








446 CANADIAN JOURNAL OF MEDICAL SCIENCES. VOL. 30 


completely reduced added phenothiazone to the leuco-form, and partially 
reduced thionol.) None of the compounds produced any definite inhibition 
of the enzyme activity. 

Discussion 


The results obtained with phenothiazone and thionol on succinoxidase 
activity are similar to those observed by Collier and Allen (5) who used beef- 
heart enzyme. The inhibition of the mitochondrial enzyme on addition of 
phenothiazine itself is of interest, as there has been no reported instance of 
‘an enzyme inhibition by the parent compound itself. However, it should be 
noted that phenothiazine in aqueous suspension, when exposed to light, is 
unstable and oxidizes to some extent to phenothiazone. The small amount 
of phenothiazone thus formed could not account for the observed degree of 
inhibition; and some other derivative may be responsible, such as the semi- 
quinone of phenothiazine which was described by Michaelis, Granick, and 
Schubert (11). Potter and DuBois (12) have investigated the inhibition of 
succinic dehydrogenase (rat-liver homogenate) by quinones and related com- 
pounds, and have suggested that —SH groups of the enzyme may be involved. 

The sulphoxide of phenothiazine is also a potent inhibitor of succinoxidase 
activity of mitochondria. It has previously been reported to inhibit liver 
catalase (5). Clare (2) detected the sulphoxide in the portal blood of sheep 
after they had been dosed with phenothiazine. 

Laser (10) and Bueding and Charms (1) have found that muscle of Ascaris 
contains an active succinic dehydrogenase. But phenothiazine and its 
derivatives have not as yet been tested on the enzyme systems of helminth 
parasites. 

In the present investigation none of the thiazine compounds inhibited cyto- 
chrome oxidase. Collier and Allen (5) found that the cytochrome oxidase 
activity of beef-heart preparations was inhibited by thionol and by leucopheno- 
thiazone. However, the fact that they used a different source of enzyme, and 
p-phenylenediamine as substrate, may account for the divergence in the 
results. 
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THE INADEQUACY OF UNMODIFIED POTATO STARCH AS 
DIETARY CARBOHYDRATE FOR THE ALBINO RAT! 


By BouDAN JELINEK, Mitsuru C. KATAYAMA, AND ALFRED E. HARPER 


Abstract 


Unmodified (raw) potato starch was poorly utilized, whereas unmodified corn 
starch and wheat starch were almost completely digested by the rat. The inges- 
tion of unmodified potato starch caused a distention of the caecum and intestines. 
This enlargement resulted from the accumulation of food residue in the caecum 
and the consequent formation of gas from fermentation. The utilization of 
unmodified potato starch was not appreciably improved by the inclusion of either 
lactose or sucrose in the ration. owever, the utilization of potato starch by 
the rat was improved when the starch was heated in an autoclave at 120° C., ina 
dry oven at 145° C., or was finely ground. During digestion studies performed 
in vitro with pancreatin pronounced hydrolysis of both corn starch and wheat 
starch occurred, but hydrolysis of unmodified potato starch was very slight. 
Ground potato starch was hydrolyzed very rapidly. The low digestibility of 
unmodified potato starch was attributed to the resistance of the outermost layer 
or layers of the granules to attack by alpha-amylase. 


Introduction 


It is known that certain starches, mainly those derived from tubers, are 
better protected against the action of amylases than the starches of cereals. 
A review of the literature revealed many reports which gave clear evidence 
that unmodified potato starch was poorly utilized by rats (9), dogs (4), 
guinea pigs (13), hens (7), mice (3), and sheep (6). Several investigators 
have reported (1, 5, 10, 11) that man digests cereal starches much more rapidly 
than potato starch. 

Various modifications (physical and chemical) render the starch granules 
more susceptible to enzymatic attack. Such modifications include: autoclav- 
ing in the presence or absence of water at temperatures around 100° C., soaking 
in dilute acids, and grinding. The digestibility of potato starch was shown te 
be greatly improved by cooking or mechanically rupturing the granules (12). 

The present study was designed to determine whether the utilization of raw 
potato starch could be improved by dietary supplements and whether other 
native starches might be poorly utilized. The potato starch was fed with 
other carbohydrates in an attempt to obtain better utilization of this starch 
by the rat; and raw potato, wheat, and corn starches, which were carefully 
prepared in the laboratory to conserve as nearly as possible the native state 
of the starch granules, were used for feeding trials and enzyme studies. 


Experimental 
Animal-feeding Techniques 
Groups of weanling male rats (Wister strain) of 40 to 50 gm. body weight 
(21 to 25 days old) were used in this experiment. The five rats which com- 
prised each group were housed in individual cages with raised screen floors and 


1 Manuscript received June 5, 1952. 


Contribution from the Department of Biochemistry, University of Alberta, Edmonton, 
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were given water ad libitum. The food intake was controlled by restricting 
the amount of ration offered each rat to 10 gm. per day. Each animal was 
weighed weekly and individual food consumption records were kept. Correc- 
tions were made for spillage. 

The percentage composition of the basal ration was as follows: total carbo- 
hydrate 73.6, casein 18.0, salt mixture* 4.0, corn oil 4.0, inositol 0.1, choline 
chloride 0.2, whole liver powder (Wilson’s) 0.1. Vitamins were included so as 
to provide, in milligrams per kilogram of ration, thiamine hydrochloride 5, 
riboflavin 10, pyridoxine hydrochloride 5, niacin 5, calcium pantothenate 25, 
p-amino benzoic acid 300, alpha-tocopherol 25, menadione 2, folic acid 2, 
biotin 0.2. Vitamins A and D were added as halibut liver oil to provide 
60,000 I.U. and 12,000 I.U. respectively per kilogram of ration. 

The various rations are listed with the growth data in Table I. In each 
ration total carbohydrate made up 73.6% by weight, the starch being reduced 
in amount when a ration was supplemented by other carbohydrate. To 
maintain equivalent caloric intakes, rats fed the ration which contained 7.5% 
celluflour were each offered 10.7 to 10.8 gm. of ration daily. The utilization of 
the carbohydrate component was assessed by (a) its capacity to promote 
growth and (bd) its effect on the quantity of faeces excreted by the rat. 

In Experiment II, laboratory preparations of corn, wheat, and potato 
starches were compared as the source of carbohydrate in 20% casein rations. 
The composition of these rations was basically the same as shown above but 
20% casein was substituted for the 18% casein and the carbohydrate was 
reduced accordingly. After the experimental period of three weeks, one rat 
from each group was sacrificed and the gastrointestinal tracts were compared. 


Preparation of Starches 

Wheat starch was prepared by working wheat flour into a dough, allowing 
the dough to stand for one hour, then washing it repeatedly with water in 
order to separate the starch from gluten. The starch granules were allowed 
to settle from the washings, the supernatant liquid was decanted, and the 
granules were repeatedly washed with water, separated on a Buchner funnel, 
and dried at about 55° C. : 

Potato starch was prepared from potatoes which were peeled, washed, and 
ground in a meat grinder. The minced product was mixed thoroughly with 
water and then the pulp was separated from the starch granules by filtering 
the ground mass through a cotton cloth. After allowing the starch granules 
to settle, the supernatant liquid was decanted. After repeated washings with 
water, the starch was separated on a Buchner funnel and dried at about 55° C. 


* Salt mixture was of the following composition: 


CaCO; 543.0 gm. FeSO, 60.0 gm. 
MgCO; oS abe KI 0.08 “ 
MgSO, Ss ee MnSOQ, . 4H20 Sie 
‘ NaCl 69.0 “ Alx( SO); . K2SO,.24H,0 0.17 “ 
KCl 13 * CuSO, 0.90 “ 
KH2PO, 212.0 “ ZnClz 0.35 * 
Na.HPO, 800.0 “ 


This ts salt mixture No. 351 (8) with certain changes. 
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Corn starch was prepared by shaking a quartity of corn meal with about 
five volumes of water in a large glass jar for one hour on the mechanical shaker. 
The starch granules, suspended in ice-cold water, were transferred to another 
container and allowed to settle. The starch was repeatedly washed with ice- 
cold water. Finally the supernatant liquid was discarded and the corn 
starch thus obtained was separated on a Buchner funnel and dried at approxi- 
mately 55° C. 

Ground potato starch was prepared by subjecting commercial potato starch 
for four hours to the action of a ball-mill containing porcelain balls. 

Autoclaved potato starch was prepared by moistening the starch with water 
and heating it in an autoclave at 120°C. for two hours. The product was 
dried at approximately 55° C. and then ground in a Wiley mill. 

The dextrin was prepared by heating thin layers of potato starch (1 in.) in 
an oven at 145° C. for eight hours with frequent stirring. The product gave 
a purple coloration on addition of iodine. 


Enzymatic Degradation of Starches 


The rate of hydrolysis by pancreatin USP of the various starches prepared 
in the laboratory was determined in vitro. The enzyme solution was prepared 
by shaking 250 mgm. of pancreatin with 50 ml. of distilled water. The sus- 
pension was centrifuged and the supernatant liquid was used as the source of 
alpha-amylase. 

The rate of hydrolysis of each of the prepared starches was determined as 
follows: 250 mgm. of the starch was placed in a 50 ml. rubber-stoppered 
cylinder. To this was added distilled water, ca. 40 ml.; phosphate buffer 
(Sgrensen’s) M/15, pH 7, 2 ml.; enzyme solution 5 ml.; and water to make 
50 ml. The starch granules were suspended by shaking and the cylinder was 
placed in a horizontal position in an incubator at 30°C. After 0, 1, 3, and 
20 hr. of incubation 5-ml. aliquots were taken and reducing sugar was deter- 
mined by the Somogyi method (15). 


Results and Discussion 


The average rates of growth of rats fed various rations containing raw 
potato starch and the respective average weights of their faeces are shown in 
Table I. 

The incorporation of 7.5% of celluflour into the basal ration did not appear 
to influence the utilization of potato starch by the rat. The increase in the 
weight of the faeces excreted by the rats fed this ration was probably due to 
the presence of undigested celluflour. The inclusion of 5% of either lactose 
or sucrose in the basal ration resulted in a slight increase in the rate of growth 
with a coincident decrease in the amount of faeces excreted. The incorpora- 
tion of 20% of either lactose or sucrose into the basal ration accentuated the 
increase in the rate of growth and the decrease in the amount of faeces. It 
seems probable that the disaccharides were completely assimilated, while the 
potato starch in the ration remained poorly utilized. 
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TABLE I 


THE EFFECT OF VARIOUS STARCHES ON THE GROWTH RESPONSE OF RATS 











— Gain in Weekly weight 
Experiment Casein weight per of air-dried 
the diet, > 
number Ration week, gm. faeces, gm. 
% (mean + S.E.) | (mean + S.E.) 
IA 18 Potato starch, raw 13.5 + 1.1 3.7 & 1.1 
a ” “ + 7.5% cellufiour 14.7 + 0.9 33.4 + 1.5 
? sg “+ 5 Q&% lactose 16.8 + 1.4 25.5 + 1.3 
= ss “ +20 % lactose 19.1 + 0.9 22.6 + 0.8 
a 7 “ —=+ 5S 4% sucrose 16.8 + 1.1 25.4 + 1.2 
wd ” “ +20 % sucrose 19.4 + 0.1 21.8 + 1.0 
Sucrose (control) 22.6 + 0.1 2.1 = 0.2 
IB 18 Autoclaved potato starch 22.2 + 0.1 4.8 + 0.2 
Dextrin from potato starch 22.2 + 0.1 9.3 + 1.8 
Sucrose (control) 21.9 + 0.2 1.7 + 0.1 
II 20 Potato starch, raw (laboratory preparation) 16.5 + 1.6 
Potato starch, ground 23.0 — 
Wheat starch (laboratory preparation) 28.6 + 0.6 
Corn starch (laboratory preparation) 29.8 + 0.6 
Sucrose (control)* 32.3 + 0.5 

















* Much higher weight gain was due to higher precentage of casein in the diet. 


The data in Experiment I B* are presented for comparison with the present 
results. The average rate of growth of rats fed rations containing auto- 
claved potato starch or dextrin as the source of carbohydrate was approxi- 
mately the same as that of rats fed rations with sucrose as the carbohydrate. 
Apparently, potato starch which was modified by autoclaving or dry heating 
was rendered susceptible to enzymatic attack in the gastrointestinal tract of 
the rat. 

In Experiment II, the laboratory preparations of corn starch and wheat 
starch each supported a rate of growth which was only slightly lower than 
that obtained with sucrose. Two rats, when fed the 20% casein ration with 
ground potato starch as the source of carbohydrate, grew at an average rate 
of 23.0 gm. per week. It would appear that raw wheat and corn starches are 
well utilized, and that the grinding of the potato starch improved its utilization 
by the rat. Langworthy and Deuel (10) reported that raw corn and wheat 
starch were completely utilized by human subjects. Normally wheat and 
corn starches are subjected to some chemical treatment during their manu- 
facture. Apparently there is no difference in the utilization of the raw 
starches as compared with the commercially prepared ones. 

Meteorism (an extension of the abdomen by gas), which occurs with the 
ingestion of unmodified potato starch, was exhibited by rats fed the laboratory 
preparation of potato starch. A comparison of the gastrointestinal tracts of 
the rats fed the different starches is shown in Fig. 1. 


* Harper, Katayama, and Jelinek. Unpublished data, 1951. 








Fic. 1. Comparison of the gastrointestinal tracts of rats fed starches prepared in the 
laboratory with that of a sucrose-fed control. 
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The ingestion of unmodified potato starch caused a distention of the caecum 
and intestines. The main causative factors for this enlargement were thought 
to be the accumulation of food residue in the caecum and the accumulation of 
gases from fermentation of the food residue. (The food residue present in the 
caecum gave a blue coloration with iodine, when raw potato starch was used 
as the source of carbohydrate in the diet, thus indicating the presence of 
amylose.) It was found that the average dry weight of the complete gastro- 
intestinal tract of five rats fed on 18% casein ration with raw potato starch 
as the source of carbohydrate was 9.9 gm., whereas the corresponding average 
weight when rats were fed a ration with sucrose as the source of carbohydrate 
was 3.5 gm. This difference in the weight of the gastrointestinal tracts was 
probably caused by a greater accumulation of food residue in the caeca, when 
raw potato starch was ingested. Langworthy and Deuel (10), working 
with human subjects, found that tiie ingestion of potato starch caused excessive 
formation of gas and frequent intestinal cramps. Beazell, Schmidt, and 
Ivy (1) later confirmed these findings and further suggested that bacterial 
fermentation may account for an important part of the breakdown of unmodi- 
fied potato starch which occurs during passage through the alimentary tract. 

The extent of hydrolysis by pancreatin, of unmodified starches prepared 
from potato, wheat, and corn, as well as of potato starch modified by mechan- 
ical grinding is illustrated in Table II. 

Ground potato starch was hydrolyzed very rapidly whereas the hydrolysis 
of unmodified potato starch was very slight. Pronounced hydrolysis occurred 
with both corn starch and wheat starch. Considerable growth of microorgan- 
isms was noticed in the corn starch suspensions after 20 hr. of incubation and, 
since reducing sugars had been consumed, the extent of hydrolysis of the corn 
starch could not be determined at this point. Sherman, Walker, and Caldwell 
(14) reported that boiled potato starch showed a rate of enzymatic hydrolysis 
equal to, or slightly greater than, that of the cereal starches. Beazell et al. (1) 
found that the quantity of reducing sugar obtained from raw potato starch by 
pancreatin never exceeded 7.6% of that obtained from the digestion of boiled 
starch. Since lengthening the incubation period to 20 hr. did not increase the 


TABLE II 
THE RATE OF HYDROLYSIS OF STARCHES BY ALPHA-AMYLASE (PANCREATIN) 


The reducing sugar was calculated as maltose 








% 
Hydrolysis after: 








Starch 
0 hr. 1 hr. | 3 hr. 20 hr. 
Potato, raw 0 0.3 1.0 1.9 
Potato, ground 0 45.1 53.5 58.3 
Wheat 1.5 5.9 16.9 32.5 
Corn 2.0 5.2 12.6 Fermentation 
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quantity of raw potato starch digested, they suggested that as a result of 
mechanical rupture of the envelope of the starch granule during milling, a 
constant fraction of the raw starch may have been more easily digested than 
the remainder. In view of the results obtained by these investigators and the 
observations made during this study, it is likely that unmodified potato starch 
is appreciably digested by alpha-amylase only when the outermost layer or 
layers of the starch granule are ruptured. 

Since this work has been completed a publication by Booher, Behan, and 
McMeans (2) on biological utilization of unmodified and modified food starches 
has appeared. These authors presented information regarding the utilization 
of a wide variety of starches by the rat. They suggested that the relatively 
low digestibilities of such unmodified starches as those from the potato, 
arrowroot, and sago palm are entirely attributable to the properties of the 
outer layers of the granules. They suggest that a firmer degree of hydrogen- 
bonding of the molecules in the outer layers may occur in these starches than 
occurs in starches from cereal grains and cassava root. 
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ON RAT SERUM LIPASE 
IV. THE EFFECT OF VARIOUS DIETARY FATS! 


By JAcK D. TAYLOR AND JULES TUBA 


Abstract 


Several dietary fats were tested for their effect on the serum tributyrinase 
activity of adult male rats. Enzyme levels were significantly higher in rats 
subsisting on diets containing 23% of any of the fats which were tested, when 
communal with values for animals which were given a dietary concentration 
of 8% of the same fat. At the 8% level there were significant differences in 
tributyrinase activity which appeared to be associated with the fatty acid 
composition of the lipid. In order of decreasing effect on the serum enzyme at 
the 8% dietary test level the fats are listed as follows: Crisco, butter, cottonseed 
oil, linseed oil, corn oil, and olive oil. At the 23% dietary level there are fewer 
significant effects on the enzyme which’could be due to the fatty acid content of 
the various lipids. 


Introduction 


Recent work in this laboratory has shown the existence of a positive correla- 
tion between the serum tributyrinase levels of adult male rats and their daily 
consumption of a hydrogenated vegetable fat, Crisco (3). More recently we 
have found that when either oleic acid or stearic acid is added to a basal 
fat-free diet, there is a marked increase in the serum tributyrinase activity, 
and that this is more pronounced in animals receiving dietary oleic acid (1). 
It therefore seemed desirable to extend the investigation to include other 
dietary fats in order to find out whether differences in (a) fatty acid com- 
position and (6) dietary concentration would give rise to variations in the 
lipolytic activity of rat serum. The following fats and oils were selected: 
Crisco, butter, cottonseed oil, linseed oil, corn oil, and olive oil. 


Experimental 


Twelve groups, each containing six adult male rats, were fed ground Purina 
Fox Checkers ad libitum for one week. At the end of this pre-experimental 
feeding period the animals were weighed. They were then fed ad libitum, for 
four week periods, the various diets described below. 

Crisco, butter, cottonseed oil, linseed oil, corn oil, and olive oil were each 
fed in dietary concentrations of 8% and 23%. In addition each synthetic diet 
contained: 2% cod liver oil, 4% McCollum’s salt mixture, 20% casein, and 
sufficient sucrose to make up the balance. Furthermore, each kilogram of 
diet contained 5 mgm. thiamine hydrochloride, 5 mgm. pyridoxine hydro- 
chloride, 5 mgm. niacin, 20 mgm. calcium pantothenate, 10 mgm. riboflavin, 
and 1 gm. of choline chloride. Every precaution was taken to prevent 
these diets from becoming rancid. Some of the more stable diets were made 
up approximately every two weeks, while those containing butter were pre- 
pared once a week. Consumption was estimated daily for each animal by 

1 Manuscript received May 19, 1952. 


Contribution from the Department of Biochemistry, University of Alberta, Edmonton, 
Alberta, with financial assistance from the National Research Council, Ottawa, Canada. 
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weighing the food containers and the uneaten food. The animals were housed 
in individual cages and given food each day only slightly in excess of their 
requirements and the trays were emptied and cleaned every two or three 
days. The stock diets were stored in a refrigerator at 5° C. in tightly covered 
containers. Judging by food consumption data and the fact that all the 
animals gained weight during the experimental period, it would appear that 
the diets were always palatable and that rancidity was kept at minimal levels. 

The diets all contained a total of either 10% or 25% fat (except butter, see 
page 456). Since each diet contained 2% cod liver oil as a common factor, 
reference will be made only to the variable lipid portion of the diets, which 
was either 8% or 23%. 

Body weights and serum tributyrinase activity were determined once a week 
for each animal for the dietary test period. Enzyme ievels were established 
by means of the titrimetric micromethod of Tuba and Hoare (2). The serum 
tributyrinase activity in units is equivalent to the number of milliliters of 
0.025 N sodium hydroxide required to neutralize the butyric acid liberated 
from tributyrin by the enzyme contained in 100 ml. serum in 30 min. at pH 
8.05 and 37°C. 


Results 


The means of the four weekly tributyrinase values, mean body weight 
changes, and mean daily food consumption data over the four week test period 
are recorded for each diet in Table I. During the test period the enzyme 
levels showed no consistent upward or downward trend although small weekly 
variations occurred with each group of rats. 

Statistical analysis of the data indicates that the amount of food eaten is 
not significantly affected by the nature of the dietary test fat at either the 8% 
or the 23% levels. There is, however, a significantly greater daily ingestion 
of fat by the animals receiving 23% of the test lipid in their diets than those 
which were tested at the 8% level; this is despite the fact that on the latter 
diets total daily food consumption is always less. . 

An analysis of variance of the serum tributyrinase levels for all 12 groups of 
rats indicates that many significant differences exist. The calculated minimum 
significant difference is +40 tributyrinase units per 100 ml. serum. This 
meaus that if the difference between the mean values for any two groups of 
rats during the four week test period exceeds 40 tributyrinase units, then the 
two groups can be said to differ significantly from each other. 


Discussion 


The serum tributyrinase levels listed in Table I are significantly higher for 
each group of rats subsisting on a diet containing 23% of any of the fats when 
compared with values for animals which receive diets containing 8% of the 
same lipid. This is in agreement with our previous findings (3) and appears 
to be related to a large extent to the daily consumption of fat. However, 
significant differences exist between some of the enzyme levels in Table I 
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which cannot be accounted for altogether on the basis of variations in fat 
consumption. For example with the use of the significant difference of +40 
tributyrinase units, it can be seen that the enzyme values are similar on the 
8% Crisco and the 8% butter diets, while the values on the other 8% fat diets 
differ significantly from both butter and Crisco. Since the mean consumption 
values for the various 8% fat diets do not differ significantly from each other, 
it must be assumed that variations in the activity of serum tributyrinase in 
these experiments may be associated with the fatty acid composition of the 
different fats. Fewer significant effects on levels of the serum enzyme are to 
be observed with the diets which contain a concentration of 23% of the dif- 
ferent fats. This suggests that at some dietary concentration between 8% 
and 23% fat the maximum response of serum tributyrinase is obtained. 

The fats used in this investigation at the 8% level are listed in Table I 
according to decreasing effect on tributyrinase levels and they fall into the 
following order: Crisco, butter, cottonseed oil, linseed oil, corn oil, and olive 
oil. When the test fats are used at the 23% level, the mean serum tributyri- 
nase level for the diet containing butter is considerably lower than it should 
be according to the position it has been given at the 8% level. This apparent 
discrepancy may be accounted for by the fact that butter contains approxi- 
mately 16% water as well as some nonlipid materials. The effect of these 
components of butter is magnified threefold at the 23% level, and, if this were 
corrected for, the diet containing butter would probably occupy the position 
given it in the table. 

There appeared to be no other factor with which the serum tributyrinase 
levels on the various diets could be associated. The order of the enzyme 
values is correlated with the total molar fatty acid content of the diets more 


closely than any other variable such as the degree of saturation or unsaturation 
of the fat (see Table I). 
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PROTEIN-BOUND PHOSPHORUS COMPOUNDS IN THE 
PROXIMAL STUMP OF PERIPHERAL NERVE AFTER 
NERVE SECTION OR AFTER NERVE CRUSH! 


By J. E. LoGan 


Abstract 


The concentration of acid-soluble P, lipid * eo -bound P, total nucleic 
acid, DNA (desoxypentosenucleic acid), P (pentosenucleic acid), PP 
(“phosphoprotein’’), and ‘‘inositide P’’ was ie in the proximal stump 
of the sciatic nerve of the cat at 16, 32, and 96 days after nerve section 
and at 2, 4, 8, 16, 32, and 96 days after nerve crush. There was an increase in 
the concentration of acid-soluble P at 16 days after nerve section and a decrease 
in the concentration of PP at 96 days after either nerve section or nerve crush. 
The lipid P decreased slightly at 96 days after nerve section and the “‘inositide P” 
increased somewhat at 96 days after nerve crush, but both of these fractions 
remained normal at the other time intervals. The greatest changes, however, 
were observed in the concentration of the nucleic acids. The concentration of 
total nucleic acid, DNA, and PNA increased after nerve section, the DNA 
concentration reaching a maximum at 96 days and the PNA at 16 days. The 
increase in the concentration of nucleic acid after nerve crush was smaller than 
that observed after nerve section, the greatest difference being noted at 96 days. 
These increases in the concentration of nucleic acids, which are not so marked as 
those in the distal stump, suggest that some cellular proliferation occurs, not 
only in the distal stump, but also in the proximal stump following either nerve 
section or nerve crush. 


Introduction 


If a peripheral nerve is either cut or crushed, the portion of the nerve 
proximal to the site of injury does not undergo the changes characteristic of 
Wallerian degeneration, but merely shows some degenerative changes for a 
short distance above the region of the damage (10, 13). Such changes as occur 
have been referred to by Ram6n y Cajal (10) as those of traumatic degenera- 
tion. This is in sharp contrast to the distal portion, where the changes are 
well known and have been studied in great detail (10, 13). In previous papers 
from this laboratory many of the chemical changes that occur in the distal 
stump following either nerve section or nerve crush were described (2, 6, 9). 
Since very few quantitative studies have been made on the proximal stump, 
it was decided to carry out chemical analyses similar to those already reported 
for the distal segment (9). The author is aware of only one paper in the 
literature, in which chemical studies of the proximal stump have been reported, 
that of Bodian and Dziewiatkowski (1). These workers described the changes 
in concentration of inorganic P, acid-soluble P, lipid P, and total protein-bound 
P in peripheral nerves of monkeys during the period 7-23 days after nerve 
section. 

In the present paper, the changes in concentration of nucleic acid P, 
“inositide P’’, and “phosphoprotein”’, which constitute the protein-bound P, 
as well as the changes in acid-soluble P and lipid P, are described at varying 
periods of time after either nerve section or nerve crush. 


1 Manuscript received July 28, 1952. 
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Methods 
Nerve Section 


Both the tibial and the common peroneal branches of the right sciatic nerve 
of 13 cats were cut approximately 2.5 cm. below the point at which the nerve 
divides. The two distal stumps of these branches were retracted and sutured 
to the overlying muscle. By separating the proximal and distal stumps in 
this way the possibility of regeneration was minimized. None of the animals 
showed either functional or postmortem evidence of regeneration. The oper- 
ation was performed with full aseptic precautions under nembutal anaesthesia. 
No attempt was made to control the age, sex, or weight of the animals. After 
periods of time, varying from 16 days to 96 days, the animals were killed and 
the proximal stump of the nerve was removed. A length (1 cm.) of the proxi- 
mal stump immediately above the point of section was rejected in order to 
exclude from the chemical analysis any part of the nerve that could possibly 
have been subjected to trauma. In removing the proximal stump, all 
branches coming from the greater sciatic nerve, other than the tibial and 
common peroneal, were stripped off and rejected, since they had not been cut in 
the operation. In order to obtain the maximum amount of tissue, the nerve 
was dissected out to as far above the level of the greater trochanter of the femur 
as possible. At the same time a similar length of left sciatic nerve was removed 
to serve as control. Each nerve was then cleaned of adherent fatty and 
epineural connective tissue and weighed. 


Nerve Crush 


The right sciatic nerve of a second group of 22 cats was crushed by means 
of a crushing clamp at the same level. After periods of time varying from 
2 to 96 days the animals were killed and the proximal stump was removed 
in the same manner as described under ‘‘Nerve Section’. 


Chemical Methods 


The chemical methods for extraction and estimation of the phosphorus 
compounds in the nerves have been described in a previous paper (8). After 
the nerves had been frozen in liquid nitrogen and ground to a fine powder in a 
mortar, the acid-soluble P and lipid P were removed by methods similar to 
those described by Schmidt and Thannhauser (11) and Schneider (12). Total 
phosphorus was estimated by the method of King (7), as modified by Gomori 
(5). Orthophosphate was determined by the method of Ernster, Zetter- 
strém, and Lindberg (3). 

As pointed out previously (8) for tissue from the nervous system, the phos- 
phorus remaining after removal of acid-soluble P and lipid P, i.e. protein- 
bound P, cannot all be accounted for as either nucleic acid P or “‘phospho- 
protein” P. Folch and LeBaron (4) have recently isolated from white matter 
of brain a trypsin-resistant, lipid—protein complex that contains inositol and 
phosphorus. When the experimental evidence suggested that this compound 
could very largely account for the excess protein-bound P, the name “‘inositide 
phosphorus” was applied to this fraction (8). An estimate of ‘‘inositide P”’ 
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was obtained by subtracting from the total protein-bound P the sum of the 
nucleic acid P and the “‘phosphoprotein” P. Nucleic acids were determined 
by ultraviolet absorption (8). The ‘phosphoprotein’ was estimated as the 
orthophosphate present after hydrolysis of the protein-bound phosphorus by 
the method of Schmidt and Thannhauser (11). 


Recording of Results 


Since there is an increase in the wet weight of the proximal stumps of nerves 
after either section or crush, the results have all been expressed in terms of the 
fresh weight of a similar length of the intact nerve of the opposite side. This 
is equivalent to expressing the results in terms of the fresh weight of the nerve 
before it had been sectioned or crushed, i.e. at zero time. 


Results 


The changes in the concentration of acid-soluble, lipid, protein-bound, and 
total phosphorus in the proximal stump at 96 days after either nerve section 
or after nerve crush are shown in Table I. It can be seen that the concen- 
tration of lipid P decreased slightly after nerve section, but not after nerve 
crush, while the concentration of protein-bound P increased after either nerve 
section or nerve crush. The change in the concentration of lipid P after section 
was trifling compared with that in the distal stump (9), whereas that in the 
concentration of protein-bound P was greater. It will also be noted that the 
increase in the concentration of protein-bound P was greater after nerve 
section than after nerve crush. No significant change was found in the acid- 
soluble or total P concentration. 


TABLE I 


CONCENTRATION OF PHOSPHORUS COMPOUNDS IN THE PROXIMAL STUMP OF THE SCIATIC NERVE 
OF THE CAT 96 DAYS AFTER EITHER NERVE SECTION OR NERVE CRUSH 
(mcM./100 GM. WET WEIGHT OF CONTROL NERVE) 























Control Section Crush 
Determination 
No.| Mean S.E.M.|No.| Mean S.E.M. P No. Mean S.E.M. P 
Acid soluble P 35 $1.1 + 1.2 5 48.0 + 1.6) >0.1 5 49.8 + 2.0 >0.5 
Lipid P 35 | 360 + 7.2 5 | 304 + 23 <0.05 5 359 + 16 >0.9 
Protein-bound P 35 21.5 + 0.5 5 29.0 + 2.9) <0.02 5 25.4 £4 1.9 <0.05 
Total P (by addition) oS | 433 + 8.3 5 | 380 + 26 >0.05 5 434 + 19 >0.9 




















Table II shows the changes in concentration of protein-bound phosphorus, 
total nucleic acid, DNA, PNA, PP, and “‘inositide phosphorus’. It will be 
noted that there was a significant increase in the concentration of total 
nucleic acid, DNA, and PNA after nerve section, but not after nerve crush. 
This table also shows that there was a decrease in the concentration of PP 
both after nerve section and after nerve crush and a barely significant increase 
in the concentration of “inositide P’’ after nerve crush. 
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The time course of the changes 


OF MEDICAL SCIENCES. VOL. 30 


in DNA and PNA is shown in Figs. 1 and 2. 


The concentration of DNA (Fig. 1) increased 16 days after either nerve section 
or nerve crush. Thereafter, the concentration of DNA in the crushed nerves 
fell, whereas that in the sectioned nerves remained high. The DNA concen- 
tration at 32 days after nerve section (Fig. 1) was not significantly different 


from that at 16 days (P > 0.3). 


The difference between the DNA concen- 


tration in sectioned and crushed nerves was statistically significant (P < 0.02) 
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TABLE II 


CONCENTRATION OF PROTEIN-BOUND PHOSPHORUS COMPOUNDS IN THE PROXIMAL STUMP OF THE 
SCIATIC NERVE OF THE CAT 96 DAYS AFTER EITHER NERVE SECTION OR NERVE CRUSH 
(mcM./100 GM. WET WEIGHT OF CONTROL NERVE) 














Control Section Crush 
Determination 
No.| Mean S.E.M.| No.| Mean S.E.M. P No. | Mean’ S.E.M. P 
Protein-bound P 35 21.5 + 0.5 5 29.0 + 2.9 | <0.02 5 25.4 + 1.9 <0.05 
Total nucleic acid 34 7.9 + 0.3 5 14.8 + 1.6 | <0.01 5 8.5 + 0.9 >0.5 
DNA 34 43+ 0.2 4 8.6 + 1.1 | <0.01 5 4.7 + 0.2 >0.1 
PNA 33 3.6 + 0.2 4 6.6 + 1.0] <0.01 5 3.8 + 0.8 >0.8 
PP 34 1.9 + 0.1 5 1.3 + 0.1 <0.01 5 1.5 = 0.1 <0.01 
“Inositide P”’ 33 11.7 + 0.6 5 a = 3.8 >0.5 5 83.4 + 1.5 <0.05 





























The PNA followed a similar course (Fig. 2). Again an increase was observed 
16 days after either type of operation and again the concentration of PNA 
remained high in the sectioned nerves and fell in the crushed nerves. Because 
of the considerable animal-to-animal variation, the difference between the 
sectioned and the crushed nerves was only of borderline significance (P = 
0.05 — 0.1) at 96 days. 

The results of analyses at time periods other than 96 days after nerve section 
or nerve crush have not been tabulated. The only significant change, other 
than those shown in the figures for the nucleic acids, was a significant increase 
(P < 0.02) in acid-soluble P concentration 16 days after nerve section. 


Discussion 


A survey of the results indicates that the most marked changes occurring in 
the proximal stump after either nerve section or nerve crush are those in the 
concentration of nucleic acids. In 1950 Bodian and Dziewiatkowski (1) 
reported that the concentration of “residual P’’ (our protein-bound P) was 
increased in the proximal stump of sectioned monkey nerves 7-23 days after 
nerve section. This increase in “residual P’’ was greater in the proximal 
stump than in the distal stump. The results reported here indicate that, 
although there is an increase in the concentration of nucleic acid in the proximal 
stump of sectioned nerves, the increase is much less than that found in the 
distal stump (9). The finding of Bodian and Dziewiatkowski (1) for ‘residual 
P”’ is no doubt due to the large contribution of the ‘‘inositide P”’ to the ‘residual 
P’’, or protein-bound P. The “‘inositide P”, which constitutes more than 
one-half of the protein-bound P (Table II), is derived from some compound, 
or group of compounds, possibly neurokeratin, associated with the myelin 
sheath of a nerve fiber (8, 9). In the distal stump, where the myelin sheath 
is destroyed, the ‘‘inositide P”’ falls as the nucleic acid P increases, whereas 
in the proximal stump, where there is no myelin sheath destruction, there is 
no such concomitant fall in the concentration of “‘inositide P’’. 
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These changes in the concentration of nucleic acids in the proximal stump 
were surprising, because it is widely believed that the cellular proliferation in 
a degenerating nerve is largely confined to that part of the nerve distal to the 
point of damage. However, a smaller degree of cellular proliferation in the 
proximal stump has been described by a number of workers, but reports as to 
the extent of this proliferation above the site of injury are conflicting. Young 
(13) states that the Schwann cell proliferation begins at about the third day in 
the proximal stump and may extend 2-4 cm. proximal to the point of section 
or crush. Ramédn y Cajal (10) states that after the fourth day the Schwann 
cell nuclei proliferate near the injury and their cytoplasm increases in amount. 
The extent of this cellular proliferation is not given, but Ramén y Cajal (10) 
describes the area of degeneration in the proximal stump as involving, at the 
most, 2 or 3 nodes (2-3 mm.), suggesting that the proliferation would not 
extend beyond the 1 cm. of tissue that was rejected in the present investigation. 
Because of this uncertainty as to the extent and amount of cellular proliferation 
in the proximal stump of degenerating and regenerating peripheral nerve, a 
microscopic examination was made of the peripheral stumps of a number 
of nerves after either section or crush. These studies indicated that some 
cellular proliferation may take place as far as 4-6 cm. proximal to the site of 
injury by 96 days after nerve section. Such an increase in the number of 
cells could account for the observed increases in concentration of nucleic 
acids. 
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BIOCHEMICAL AND HISTOLOGICAL CHANGES IN THE LIVER 
OF MICE FOLLOWING FEEDING OF THE INSECTICIDE ALDRIN! 


By E. AnNnAu, H. Konst, AND P. J. G. PLUMMER 


Abstract 


Aldrin fed to mice in a sublethal concentration of 50 p.p.m. induced a con- 
siderable increase in weight of the liver. This enlargement of the liver was the 
result of hypertrophy as well as of mitotic activity of the liver cells due to a 
preferential accumulation of nitrogen containing substances, namely, proteins. 


Introduction 


Aldrin is the coined generic name of the insecticide 1,2,3,4,10,10-hexachloro- 
1,4,4a,5,8,8a-hexahydro-1,4,5,8-dimethanonaphthalene. 





The chlorine atoms of the compound are not removable with the usual 
alkaline reagents. The compound possesses two double bonds but only the 
one which is in the unchlorinated moiety is accessible to olefine reactions (4), 
Apart from that, aldrin appears to be rather inert chemically, a fact which may 
have special significance from the biochemical standpoint. It is insoluble in 
water but fairly soluble in paraffinic, aromatic hydrocarbon solvents and in 
vegetable oils. 

Systematic investigations concerning the biological effects of aldrin on 
mammals are scanty, apart from toxicity tests carried out on small laboratory 
animals, and in some instances on large domestic animals (2, 4). 

Preliminary investigations showed that continuous oral administration of 
95% crystalline aldrin corn oil solutions in food mixtures containing the com- 
pound in a concentration of 50 parts per million generally killed mice after 
a period of two weeks. Death usually occurred suddenly but it was preceded 
by diarrhoea, hyperexcitability, and tonic convulsions. In most cases 
necropsy showed a considerably enlarged liver without any remarkable gross 
pathological alteration. Cloudy swelling was observed in some instances. 
Histological investigations mainly revealed enlarged liver cells. 

Since this type of increase in the liver size may be due in particular to an 
accumulation of proteins, attempts were made to determine the amount of 
nitrogen fixed by the liver. Also the amount of lipids was estimated. At the 


1 Manuscript received July 9, 1952. 


Contribution from Division of Animal Pathology, Science Service, Dominion Department 
of Agriculture (Animal Diseases Research Institute, Hull, Que.). 
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same time, histological investigations were carried out to determine whether 
aldrin intoxication induces not only hypertrophy of the liver cells but an 
increase in their mitotic activity, namely, hyperplasia. 


Materials and Methods 


Twenty-four male and female albino mice, derived from the stock colony 
of this Institute and ranging in weight from 20 to 25 gm., served for each 
experimental set. The animals received four types of basic diets varying in 
protein content from low to high. One group was held on ground Master Fox 
Breeder Starter of approximately 20% crude protein, 3.5% crude fat, and 5% 


crude fiber. In addition three synthetic diets of the following composition 
were applied. 


MEDIUM PROTEIN DIET Low PROTEIN DIET HIGH PROTEIN DIET 
No. 1 No. 2 No. 3 
Corn meal...... 840 gm. Corn starch..... 840 gm. 2 Sree 850 gm. 
ee ree 100 “ er mm Dry yeast powder 50 “ 
Cod liver oil.... 10 “ Dry yeast powder 50 “ Cod liver oil.... 10 “ 
eee 40 “ Cod liver oil.... 10 “ ere 40 “ 
McCollum salt McCollum salt McCollum salt 
EE ao * Ee es a 
| iad 


Crystalline aldrin (95%) in a ratio of 50 parts per million was added to 
these basic diets in the form of corn oil solutions for 12 of the animals. Control 
animals were fed corresponding diets without admixture of aldrin. All 
animals had free access to their food and water at all times. For one week 
prior to commencement of aldrin feeding the mice received their respective 
basic diets only. They were weighed at the beginning of the aldrin feeding 
period (initial weight) and before being sacrificed (terminal weight). Liver/body 
ratio is the gram value of the liver related to 1 gm. of carcass weight, that 
is, body weight after bleeding out and removal of liver. 

Mice put on the special diets in general lost some weight. They were 
killed by exsanguination at various intervals during the experiment after they 
had been starved for five hours. 

A careful bleeding under running tap water seems sufficient to remove the 
blood, since the findings of Kosterlitz (5) indicate that only an insignificant 
error in analytical nitrogen values derives from traces of blood remaining in 
the liver. Liver nitrogen was determined in three samples of the same liver 
by the semimicro-Kjeldahl method. Values in the triplicate determinations 
did not show a greater difference than 3%. Nitrogen values are represented 
as a percentage of the wet liver weight and include protein, and nucleic acid as 
well as phospholipid nitrogen. To elucidate the amount of nitrogen fixed by 
the liver, the recorded values were related to 100 gm. of carcass weight. For 
quantitative determination of the lipids, weighed samples were extracted four 
times by boiling in a 2 : 1 alcohol chloroform solution. To estimate the water 
content, weighed samples of liver tissue were dried for 18 hr. at 103° C. 

Pieces of liver were fixed in 10% formalin saline solution. Histological 
sections were stained with hematoxylin and eosin. 
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Results 


Table I represents data of mice kept on the normal ground up laboratory 
chow containing 50 p.p.m. aldrin. After nine days of aldrin feeding the liver 
appeared slightly larger than that of the control animal. Continued feeding 
of the insecticide produced a rapid increase in the size of the liver which 
appeared to reach its maximum after 14 days. This is likely the critical 
point in aldrin intoxication. As already mentioned, death occurred suddenly. 


TABLE I 


EFFECT OF PROLONGED ALDRIN FEEDING (50 p.p.m.) ON THE LIVER WEIGHT OF MICE KEPT ON 
LABORATORY CHOW 





























Experiment Control 
Days 
No. of of a p see , 
expt. ‘tiie Initial | Term. | Carcass| Liver Initial | Term. | Carcass| Liver 
AP weight, | weight, | weight, | weight, L/B weight, | weight, | weight, | weight, | L/B 
gm. gm. gm. mgm. gm. gm. gm. mgm. 
1 6 22.7 22.5 19.0 2076 0.11 22.3 22.2 19.5 1020 0.050 
2 8 22.7 17.9 15.0 1942 0.13 22.3 22.2 19.7 1090 0.054 
3 10 22.7 22.0 17.8 2367 0.13 25.3 18.5 17.3 1015 0.060 
4 11 22.7 23.4 19.2 2717 0.14 27.7 25.3 23.5 1015 0.063 
5 15 26.0 26.7 23.0 2563 0.11 24.0 23.5 21.0 1080 0.048 
6 18 22.0 20.0 16.0 3036 0.19 21.5 21.0 19.6 1383 0.070 






































The abdomen of the animals appeared enlarged and, on removal of the skin, 
the liver could be seen through the transparent muscular wall, in some 
instances filling two thirds of the abdomen. 

Table II contains anatomical and chemical data of intoxicated mice kept on 
synthetic diet No. 1, with medium protein content. It appears to indicate that 
liver enlargement is becoming evident about the ninth day. Experimental 
animal No. 7 represents the highest liver weight achieved by a feeding period 
of 14 days. The animal died unexpectedly a few seconds before decapitation 
could be accomplished though some blood was still drained from the body. 

The percentage of liver nitrogen does not show any remarkable difference 
between experimental and control animals but, if the total amount of nitrogen 
fixed by the enlarged liver is taken into account or is related to 100 gm. of 
carcass weight, a significant increase in the liver nitrogen of the experimental 
animal becomes apparent. 

By comparison of the columns for initial and terminal body weight we can 
see that for the most part the animals did not reveal a significant loss of weight 
during aldrin administration as compared with the controls. However, if the 
body weight of both is compared with their carcass weight the difference 
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between the two values becomes noticeable, the intoxicated animal disclosing 
a lighter carcass weight. This means that, in the latter, the enlarged liver is 
mainly responsible for the apparently unaltered body weight. 

Table III summarizes the data of aldrin treated mice kept on low protein 
diet No. 2. The results obtained suggest that the low protein content of the 
diet has a delaying effect on the development of intoxication. Liver weight 
and consequently liver/body ratio seems to be diminished also in control 
animals on this diet. This fact is in agreement with the observations of 
Leduc (6) who found that in rats the actual liver size depends on the protein 
content of the diet. Experiment No. 1 shows that after administration of 
aldrin for 11 days there is still no detectable difference in liver size, that is, 
between nitrogen values of the experimental animal and the corresponding 
control. In contrast to this, animals kept on the medium protein diet No. 1 
(Table I) already revealed a discrepancy at the seventh day. Even after a 
lapse of 19 days on low protein diet (experiment No. 6) the liver/body ratio 
showed a value of only 0.1, or approximately a twofold increase over that of 
the control animal. 

In Table IV data are given concerning the mice kept on high protein diet 
No. 3. In this experimental series, mice developed enlarged livers on the 
seventh day of aldrin administration, although control animals also displayed 
an increased liver/body ratio. High liver weights were reached on the 11th 
day of aldrin feeding. 

No definite changes in water and lipid content were found in the liver of 
animals kept on the four types of synthetic diets plus aldrin in comparison to 
their controls. 

Histological investigations of the intoxicated livers displayed variation in 
mitotic activity, with single mitotic figures or mitotic herds scattered through- 
out the liver sections, but there was no close correlation between the degree of 
mitotic activity and the size of the liver. Few or no cleaving cells were present 
in the livers of control mice. This latter fact is in agreement with the recent 
finding of Bucher et al. (3) and Annau ef al. (1) who found that mitoses in 
the livers of normal adult rodents are extremely rare. 


Discussion 


One of the most prominent features of sublethal aldrin intoxication in mice 
is the gradual but considerable enlargement of the liver. Feeding experiments, 
gross pathology, histology, and chemical analysis suggest that this enlargement 
is mainly related to an actual increase in the protein metabolism of the liver, 
resembling in some of its characteristics a forced protein feeding. The 
increased protein assimilation, however, is not represented by an increase in 
the percentage of the liver nitrogen, as in animals maintained on a high 
protein diet, but by a considerable increase in the absolute amounts of nitrogen 
fixed by the liver. Histological investigations on the liver of intoxicated mice 
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which demonstrated both enlarged as well as cleaving liver cells suggest that 
aldrin intoxication does not lead to an accumulation of stored protein, but 
induces an active proliferative process in the liver parenchyma. 

The mitotic activity in the liver of aldrin-fed mice may be caused in various 
ways. It was shown by Leduc (6) that the increase in the liver following pro- 
tein feeding is a result both of an increase of the liver cells as well as of mitotic 
activity. Consequently the mitotic activity in aldrin-fed animals may be 
related to a preferential protein assimilation in the liver.. However, the con- 
siderable enlargement of the liver, due to the accumulation of proteins, cannot 
be compared with an increase in the liver following forced protein feeding. 
Not only does the former enlargement exceed the latter in degree, but it also 
develops to a lesser extent on a medium or low protein diet. 
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THE LIPID COMPOSITION AND WATER CONTENT OF CARCASS, 
SKELETAL MUSCLE, AND TESTICLE IN THE HOST COMPONENT 
OF THE ALBINO RAT —- WALKER CARCINOMA 256 DUAL 
ORGANISM! 


By ELpon M. Boyp, Mary L. CONNELL, AND H. D. MCEwEN 


Abstract 


The albino rat with an inoculated Walker carcinoma 256 was considered to 
be a dual organism and the influence of the tumor component upon the lipid 
and water concentration of the host component was studied. The total lipid, 
neutral fat, total fatty acids, total cholesterol, ester cholesterol, free cholesterol, 
and phospholipid, estimated by oxidative micromethods, and the water content 
were determined in carcass, skeletal muscle, and testicle of the host component 
after 28 days of growth of the tumor in 14 dual organisms and the data compared 
with corresponding values from 12 control albino rats without tumors. In the 
host component, the following statistically significant changes in concentration 
were found: a decrease in the neutral fat content of carcass and skeletal muscle 
and in the water content of the testicle; an increase in the phospholipid content 
of carcass and skeletal muscle, in the free cholesterol content of carcass, skeletal 
muscle, and testicle, in the ester cholesterol content of testicle and in the water 
content of carcass and skeletal muscle with corresponding changes in the con- 
centration of total cholesterol, total fatty acids, and total lipid. In each instance, 
these shifts in concentration were toward the level in the tumor component, so 
that the lipid composition and water content of these tissues of the host com- 
ponent became more like those of the tumor component, suggesting a metabolism 
directing influence of the tumor upon the host. 


Introduction 


Walker carcinoma 256 is an experimental tumor which is inoculated into 
albino rats. The tumor grows rapidly and at death of the tumor-—host 
organism, which occurs some four weeks after inoculation, the weight of the 
tumor component approximates that of the host component. This albino 
rat — Walker carcinoma 256 entity may be regarded as a dual organism and 
the metabolic influence of one component upon the other may be followed by 
comparing chemical analyses of sections suitably removed from the tumor 
component with chemical analyses of sections suitably removed from the 
host component. 

In a previous communication to this Journal (5) were reported the results of 
lipid analyses of the tumor component of this dual organism. The out- 
standing feature was the maintenance throughout its life history of relatively 
high and fixed concentrations of phospholipid, free cholesterol, and esterified 
cholesterol. 

As growth of the tumor progressed toward death of the dual organism, the 
host became progressively more emaciated. One obvious inference was that 
the incessant demands of lipid synthesis in the tumor component had made 
serious inroads upon the supply of lipids or lipid precursors available to the 
host. Pursuant to this line of reasoning, there would be expected after four 


1 Manuscript received June 10, 1952. 


sia A contribution from the Department of Pharmacology, Queen's University, Kingston, 
tario. 
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weeks of tumor growth, a decline in the lipid concentrations of the host com- 
ponent. The emaciated appearance, at this time, of the host component sug- 
gested a decrease in the concentration of carcass neutral fat. The muscular 
weakness suggested a decline in the concentration of phospholipid and free 
cholesterol in skeletal muscle, since decrease in physiological activity often 
accompanies decrease in concentration of phospholipid and free cholesterol 
(1, 2). Since the Walker carcinoma 256 had been implanted into immature, 
growing, male albino rats in the study previously reported (5), there was the 
possibility that the prematurely aged appearance of the host was associated 
with a decline in the concentration of testicular phospholipid. 

To investigate these possibilities, it was decided to analyze for lipid concen- 
tration the carcass, skeletal muscle, and testicle of the host component of 
the albino rat — Walker carcinoma 256 dual organism at the end of four weeks 
of tumor growth and to compare the results with those obtained from corre- 
sponding analyses simultaneously made upon control albino rats without 
tumors but of the same age and sex and otherwise identical in history and 
treatment to the tumor-bearing rats. ° The anticipated findings were a decrease 
in the concentration of neutral fat, phospholipid, free cholesterol, and probably 
ester cholesterol in the carcass, skeletal muscle, and testicle of the host com- 
ponent of the dual organism, although admittedly the arguments sustaining 
this prediction were not considered to be infallible. 

The results obtained were in large majority contrary to those anticipated, 
and consisted of an apparently heterogeneous group of increases and decreases 
in the lipid and water content of tissues in the host component. In an effort 
to harmonize the various shifts actually encountered, it will be shown that, 
almost without exception, the alteration of lipid and water concentration in 
the host component from that in the nontumor-bearing albino rat was toward 
the level of lipids and water in the tumor component. Increases and decreases 
in the concentration of various lipids and water in the tissues of the host 
component were individually in the direction of the concentration found in the 
tumor component. The lipid composition and water content of host tissue 
became more like those of the tumor, suggesting that, in some manner, the 
tumor was forcing its metabolic way of life upon the host. 


Method 


A variety of Walker carcinoma 256, which has been transplanted in the 
laboratories of the Department of Pharmacology at Queen’s University for 
the past five years, was inoculated into young, immature, male albino rats 
from an inbred strain which has been maintained in the animal quarters of 
the Department of Pharmacology at Queen’s University for the past 15 years. 
The average + standard deviation body weight of 14 such tumor—host 
organisms used in this investigation was 95.7 + 25.3 gm. at the date of 
inoculation. The technique of inoculation and the growth of the tumor 
were as previously described (5). 
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Four weeks after inoculation and at or near the death of the dual organism, 
the animals were sacrificed by fracture of the cervical spinal column and the 
tumors dissected from the host. The mean + standard deviation weight of 
tumor plus host was 233 + 35 gm., of the tumor component 99 + 19 gm., and 
of the host component 134 + 28gm. Thus the weight of the tumor component 
averaged 42% of the body weight of the dual organism at the end of 28 days 
of tumor growth. 

After weighing the host component, a sample of skeletal muscle weighing 
approximately 4 gm. was dissected and removed from the group of thigh and 
leg muscles including the gastrocnemius, rectus femoris, vastus medialis, 
sartorius, semimembranosus, semitendinosus, gracilis, and, if needed, parts of 
the gluteus maximus. One half of the aliquot of skeletal muscle was carefully 
weighed and used for the determination of water content, with the aid of a 
Fisher forced draft Isotemp oven, while the other half was weighed, minced, 
ground with cleaned sand, and extracted with alcohol-ether for lipid analysis 
by oxidative micromethods as previously described (4). Two grams of skeletal 
muscle were found by trial to contain amounts of lipids, the most of which 
could be determined with maximum efficiency by the system of lipid analysis 
employed, using one eighth of the total extract for determination of total 
fatty acids plus total cholesterol, one half for phospholipid and free cholesterol, 
and the remaining three eighths for the separate estimation of total cholesterol. 


The testicles were removed from the scrotal sacs, stripped free of the inguinal 
sac and the caput, corpus, and cauda epididymis. One testicle was used for 
the determination of water content and the second was ground with cleaned 
sand and extracted for lipid analysis. The average weight of the testicle in 
the host component was 1.0852 gm. and one testicle was found to contain 
amounts of lipids the most of which could be determined with maximum 
recovery and least experimental error by the oxidative system of lipid analysis 
employed, using one eighth of the total extract for estimation of total fatty 
acids plus total cholesterol, one half for phospholipid and free cholesterol, and 
the remaining three eighths for the separate determination of total cholesterol. 

The remaining carcass of the host component (excluding the tumor) was 
then ground repeatedly to an homogeneous, thoroughly minced mass. Aliquots 
of 1 gm. were weighed for determination of water content and a second aliquot 
of 1 gm. weighed and extracted for lipid analysis. The proportions of this 
extract found to be most suitable for individual lipid analyses were identical 
to those described above for the extracts of skeletal muscle and testicle. 

Twelve male albino rats from the same litters, not inoculated with Walker 
carcinoma 256, were sacrificed after a period corresponding to the 28th day of 
tumor growth in the inoculated albino rats. The average body weight of 
these nontumor-bearing albino rats at death was 227 gm. and the average 
weight of the testicles was 1.429 gm. Aliquots of skeletal muscle, testicle, and 
carcass of these nontumor-bearing animals were extracted and analyzed for 


lipid composition in the same manner as described above for tumor-bearing 
albino rats. 
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All lipid analyses were made within two weeks of the day of preparation of 
extracts because of the hydrolysis of phospholipids and cholesterol esters which 
becomes appreciable after this time (3). The results obtained were expressed 
as grams of lipid per 100 gm. dry weight of tissue. 


Results 


Data upon the total lipid, neutral fat, total fatty acids, total cholesterol, 
ester cholesterol, free cholesterol, and phospholipid content of carcass, skeletal 
muscle, and testicle in tumor-bearing and nontumor-bearing albino rats were 
tabulated and the mean, standard deviation, and coefficient of variation of each 
ipid in each of the two groups of rats calculated after Bradford Hill (8). These 
statistical calculations have been assembled in Tables I, II, and III. 

Data upon the lipid composition of the carcass of the host component of the 
albino rat — Walker carcinoma 256 organism and upon the lipid composition of 
the carcass of control albino rats bearing no tumors are presented in Table I. 


TABLE I 


THE LIPID COMPOSITION OF THE CARCASS OF THE HOST COMPONENT OF THE ALBINO RAT — WALKER 
CARCINOMA 256 ORGANISM COMPARED WITH THE LIPID COMPOSITION OF THE CARCASS 
OF CONTROL ALBINO RATS BEARING NO TUMORS 


(Values for lipids are expressed as grams per 100 grams dry weight of carcass) 











Non- Change 
Tumor- , 
= : ; tumor- | in tumor- 
Lipid Calculation rw bearing |bearing rat, 
rat a 
Total lipid Mean 8.22 19.40 —58 
Standard deviation 2.2 5.58 
Coefficient of variation 15 29 
Neutral fat Mean 3.03 15.36 —80 
Standard deviation 0.77 5.47 
Coefficient of variation 25 36 
Total fatty acids Mean 5.67 16.89 — 66 
Standard deviation 0.95 4.91 
Coefficient of variation 17 29 
Total cholesterol Mean 1.03 0.67 +54 
Standard deviation 0.37 0.15 
Coefficient of variation 36 22 
Ester cholesterol Mean 0.19 0.13 +46 
Standard deviation 0.40 0.11 
Coefficient of variation 210 85 
Free cholesterol Mean 0.84 0.54 +56 
Standard deviation 0.21 0.13 
Coefficient of variation 25 24 
Phospholipid Mean 4.06 3.25 +25 
Standard deviation 0.91 0.83 
Coefficient of variation 22 26 

















mow 
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The outstanding features were an average decrease of 80% in the concentration 
of neutral fat, an average increase of 56% in the concentration of free choles- 
terol, an average increase of 46% in the concentration of ester cholesterol, 
and an average increase of 25% in the concentration of phospholipid in the 
carcass of the tumor-bearing albino rats. To estimate the statistical signifi- 
cance of these differences, the standard error of the difference between 
respective means was calculated after Bradford Hill (8). All values for 
neutral fat concentration in the carcass of the tumor-bearing rats were well 
below the lowest value for neutral fat concentration in the carcass of non- 
tumor-bearing controls, the mean difference of 12.33 gm. having a standard 
error of 1.6 gm., indicating that the chances were almost infinite that these 
two ranges of values came from different universes. Changes in the mean 
concentration of neutral fat, free cholesterol, and phospholipid in the carcass 
of tumor-bearing rats were statistically highly significant. The mean increase 
of 46% in the concentration of ester cholesterol cou!d not be proved significant 
possibly because of the low and variable analytical figures for this particular 


TABLE II 


THE LIPID COMPOSITION OF SKELETAL MUSCLE OF THE HOST COMPONENT OF THE ALBINO 
RAT — WALKER CARCINOMA 256 ORGANISM COMPARED WITH THE LIPID COMPOSITION 
OF SKELETAL MUSCLE OF CONTROL ALBINO RATS BEARING NO TUMORS 


(Values for lipids are expressed as grams per 100 grams dry weight of skeletal muscle) 











— Non- _Change 
és P ° t - t ° 
Lipid Calculation — ease ion row b rn 
- rat a 
Total lipid Mean 6.85 8.61 —20 
Standard deviation 0.94 1.63 
Coefficient of variation 14 19 
Neutral fat Mean 1.37 3.97 —65 
Standard deviation 0.85 1.75 
Coefficient of variation 62 44 
Total fatty acids Mean 4.42 6.63 —33 
Standard deviation 0.68 1.57 
Coefficient of variation 15 24 
Total cholesterol Mean 0.68 0.37 +84 
Standard deviation 0.19 0.07 
Coefficient of variation 28 19 
Ester cholesterol Mean 0.04 0.08 —50 
Standard deviation 0.06 0.06 
Coefficient of variation 150 75 
Free cholesterol Mean 0.64 0.29 +121 
Standard deviation 0.23 0.08 
Coefficient of variation 36 28 
Phospholipid Mean 4.76 4.23 +13 
Standard deviation 0.86 0.51 
Coefficient of variation 18 12 
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lipid. The marked decline in the concentration of neutral fat resulted in a 
lesser decline of 66% in the concentration of total fatty acids and 58% in the 
concentration of total lipid, both of which changes were statistically significant 
as may be calculated from values given in Table I. The mean increase in free 
and ester cholesterol levels in the tumor-bearing rat produced a mean increase 
of 54% in the concentration of total cholesterol, the mean increase of 0.36 gm. 
having a standard error of 0.11 gm. the statistical odds being only 1 in 400 
that this could have occurred by chance alone. 

Values for the concentration of lipids in the skeletal muscle of tumor- 
bearing and nontumor-bearing albino rats are assembled in Table II. The 
effects of the presence of the tumor in the dual organism upon host skeletal 
muscle lipids may be seen to have been similar to those upon carcass lipids. 
There was a statistically significant decrease averaging 65% in the concen- 
tration of neutral fat, a statistically significant increase averaging 121% in the 
concentration of free cholesterol and an increase which averaged 13% in the 
concentration of phospholipid, the odds being barely 19 out of 20 that this 


TABLE III 


THE LIPID COMPOSITION OF THE TESTICLE OF THE HOST COMPONENT OF THE ALBINO RAT — 
WALKER CARCINOMA 256 ORGANISM COMPARED WITH THE LIPID COMPOSITION OF 
THE TESTICLE OF CONTROL ALBINO RATS BEARING NO TUMORS 


(Values for lipids are expressed as grams per 100 grams dry weight of testicle) 











at) 7 Tu mor- Nontumor- Bagpccn. ol 
Lipid Calculation — ne bearing rat, 

Total lipid Mean 16.22 16.35 -1 
Standard deviation 2.64 2.31 
Coefficient of variation 16 14 

Neutral fat Mean 4.62 S38 —16 
Standard deviation 2.81 1.52 
Coefficient of variation 61 28 

Total fatty acids Mean 10.68 10.83 —1 
Standard deviation 2.00 1.89 
Coefficient of variation 19 17 

Total cholesterol Mean 2.52 1.31 +92 
Standard deviation 1.29 0.33 
Coefficient of variation 51 25 

Ester cholesterol Mean 0.92 0.38 +142 
Standard deviation 1.08 0.24 
Coefficient of variation 117 63 

Free cholesterol Mean 1.60 0.93 +72 
Standard deviation 0.75 0.12 
Coefficient of variation 47 13 

Phospholipid Mean 8.95 8.02 +12 
Standard deviation 1.78 1.14 
Coefficient of variation 20 14 
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latter change was not due to chance. There was no significant change in the 
level of ester cholesterol owing probably to the relatively high analytical error 
involved in the estimation of the very small values recorded. 

A statistical summary of data upon lipid concentrations in the testicle of 
tumor-bearing and nontumor-bearing albino rats is given in Table III. Again 
it may be noted that the comparative differences in lipid levels of the testicle 
were of the same type as those encountered in carcass and skeletal muscle. 
There was an average decrease of 16% in the concentration of neutral fat in 
the testicle of the tumor-bearing rat but the fairly considerable variation in 
individual values for neutral fat made it impossible to prove that this smaller 
mean difference was significant. The mean concentration of ester cholesterol 
rose by 142% and there were almost 19 chances out of 20 that this time the 
increase in ester cholesterol was significant, owing probably to the decreased 
technical error attached to the considerably higher values found for ester 
cholesterol in this organ. The level of free cholesterol rose an average of 
72%. There was also an elevation in the level of phospholipid which 
averaged 12%. 

As an index of variation of individual lipid values, the coefficient of variation 
of each mean was calculated after Bradford Hill (8), and values for these coeffi- 
cients have been listed in Tables I, II, and III. The average coefficient of 
variation for all lipids determined in all three tissues of tumor-bearing rats 
was 48 and of nontumor-bearing rats, 31. The average of all coefficients of 
variation of carcass lipids was 43; of skeletal muscle lipids, 39; and of testicle 
lipids, 36. Of the individual lipids, the average coefficient of variation was 
19 for phospholipid, 29 for free cholesterol, 43 for neutral fat, and 117 for ester 
cholesterol, with a mean of 30 for total cholesterol, 20 for total fatty acids, and 
18 for total lipid. 


Alignment of Tumor and Host Lipids 


The outstanding results, as described above, were a statistically significant 
decrease in the concentration of neutral fat in carcass and skeletal muscle and a 
statistically significant increase in the concentration of phospholipid in carcass 
and skeletal muscle, of free cholesterol in carcass, skeletal muscle, and testicle, 
and of ester cholesterol in the testicle of the host component as compared with 
corresponding lipid levels in albino rats without tumors. 

The decline in concentration of neutral or storage fat is readily understood 
as part of the general wasting and cachexia of late malignancy. This is a glib 
statement. The actual cause of the loss of neutral fat remains obscure. One 
must remember that the dual tumor-host organism had free access to food, so 
that the tumor component must have influenced in some manner the assimila- 
tion and utilization of food by the host component, producing a caloric deficit 
(10) which is equal to the caloric value of the lipid actually lost by the host (11). 

The significance of the rise in concentration of phospholipid, free cholesterol, 
and probably ester cholesterol was not as readily apparent. After giving some 
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thought to this question, it was finally noted that the change in lipid concen- 
trations in the host component resulted in a lipid composition which was more 
like the lipid composition of the tumor component and less like the lipid com- 
position of corresponding tissues in the nontumor-bearing albino rat. This 
picture applied to values for neutral fat as well as to those for phospholipid, 
free cholesterol, and ester cholesterol and to carcass, skeletal muscle, and 
testicle. A similar alignment could be shown to exist for total lipid, total 
fatty acids and total cholesterol. 

The alignment of mean concentrations of neutral fat, phospholipid, free 
cholesterol, and ester cholesterol in the carcass of the nontumor-bearing albino 
rat, the host component of the tumor-host organism and the tumor component 
of the dual organism has been depicted graphically in Fig. 1. The open and 
dotted bars were drawn from values listed in Table I while the solid bars were 
drawn from values listed in Column 4 of Table III of the report on lipids of 
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Fic. 1. Achart illustrating the shift in concentration of lipids in the carcass of the host 
component toward levels in the tumor component of the albino rat - Walker carcinoma 
256 dual organism. Statistically significant shifts are indicated by arrows with solid lines. 
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the tumor component (5). The arrows indicate the direction of the shift in 
lipid concentrations in the host carcass, the shift being obviously toward the 
particular concentration characteristic of the tumor component. Shifts which 
were statistically significant are indicated by arrows with a solid line, others by 
arrows with an interrupted line. Haven, Bloor, and Randall (6) have reported 
a decrease in most carcass total lipid due to loss of fatty acids (7) and inter- 
estingly, the fatty acids remaining in the carcass had melting points and iodine 
numbers similar to those of fatty acids in the Walker Carcinoma 256. 

In Fig. 2, the mean concentrations of the same four lipids in skeletal muscle 
of the nontumor-bearing albino rat and the host component of the tumor-host 
organism have been aligned graphically with corresponding values for lipids in 
the tumor component. The shift in the concentration of neutral fat in the 
muscle of the host component was downward to, and actually fell to lower than, 
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Fic. 2. Achart illustrating the shift in concentration of lipids in skeletal muscle of the 
host component toward levels in the tumor component of the albino rat — Walker carci- 
noma 256 dual organism. Statistically significant shifts are indicated by arrows with 
solid lines. 
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that of the tumor component. The shifts in the concentration of phospholipid 
and free cholesterol were upward to that of the tumor component. The shift 
in the mean concentration of ester cholesterol was not toward the level in the 
tumor component, this being the only exception to the rule of shifting values 
encountered and perhaps associated with the marked analytical error inherent 
in estimating such low concentrations of ester cholesterol. 

In Fig. 3 have been charted corresponding values for these lipids in the 
testicle of the nontumor-bearing albino rat and host component of the tumor- 
host organism aligned with similar values in the tumor component. There 
was a downward shift in the concentration of neutral fat in the testicle of the 
host component toward the lower concentration in the tumor component. 
The phospholipid level in the testicle is normally high and of the same order 
as that seen in the tumor component, and there was no significant shift in the 
concentration of this lipid. The concentration of free cholesterol and of ester 
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Fic. 3. Achart illustrating the shift in concentration of lipids in the testicle of the host 
component toward levels in the tumor component of the albino rat - Walker carcinoma 
256 dual organism. Statistically significant shifts are indicated by arrows with solid lines. 
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cholesterol in the testicle of the normal albino rat was lower than that of the 
tumor component and the shift in the host component was upward, over- 
shooting the mark in the case of free cholesterol. 

These various shifts in the lipid composition of tissues of the host component 
were thus almost unanimously in the direction of the lipid composition of the 
tumor component. Is this shift significant or is it merely coincidental? One 
would like to know whether similar shifts could be found for tissues other than 
carcass, skeletal muscle and testicle; the time relations of their appearance 
during the life history of the tumor-rat organism; and whether concentrations 
of substances other than lipids exhibited similar shifts. The first and second 
of these suggestions are being investigated currently in the department of 
pharmacology at Queen’s University. Values for at least one other chemical- 
component—water-could be, and were, extracted from data upon water 
content determined incidentally to lipid analysis so that the latter could be 
reported as per cent dry weight. 


Alignment of Tumor and Host Water 


The complement of tissue water determinations has been summarized 
statistically and this summary is given in Table IV. The water content of the 
carcass of the host component of the tumor-host organism averaged 10% higher 
than the water content of the carcass of nontumor-bearing control albino rats, 
the mean difference of 7.2 gm. having a standard error of 0.84gm. The water 
content of skeletal muscle of the tumor-bearing albino rat averaged 6.2% 
higher than the water content of skeletal muscle in nontumor-bearing controls, 
the mean difference of 4.8 gm. having a standard error of 0.62 gm. On the 
other hand, the water content of the testicle of the tumor-bearing albino rat 
averaged 0.7% less than the water content of the testicle of the nontumor- 


TABLE IV 


THE WATER CONTENT OF THE CARCASS, SKELETAL MUSCLE, AND TESTICLE OF THE HOST 
COMPONENT OF THE ALBINO RAT — WALKER CARCINOMA 256 ORGANISM COMPARED WITH 
THE WATER CONTENT OF THE CARCASS, SKELETAL MUSCLE, AND TESTICLE 
OF CONTROL ALBINO RATS BEARING NO TUMORS 


(Values for water content are expressed as grams per 100 grams wet weight of tissue) 





Standard | Coeffi “on 

F tandar coefficient | in tumor- 

Tissue Rat Mean deviation |of variation mn 3 rat, 
‘o 





Carcass Tumor-bearing 77.0 


1.6 2.1 +10 
Nontumor-bearing 69.8 2.5 3.6 
Skeletal muscle Tumor-bearing 81.8 2.1 2.6 +6.2 
Nontumor-bearing 77.0 0.9 1.2 
Testicle Tumor-bearing 85.7 1.1 1.3 —0.7 
Nontumor-bearing 86.3 0.3 0.4 
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bearing rat, the mean difference of 0.6 gm. having a standard error of 0.30 
gm. Thus, the presence of the tumor was accompanied by a significant 
increase in the water concentration of two tissues—carcass and skeletal 
muscle—and decrease in a third—testicle-of the albino rat. Alterations in the 
water content of host tissues have been reported previously, for example by 
McEwen and Haven (9) who found an increase in liver water. 

These apparent variations could again be harmonized by aligning changes 
in the water concentration of tissues of the host component with the water 
concentration of the tumor component, as charted graphically in Fig. 4. The 
water concentration of the tumor component is relatively high and averages 
85.1 gm. per 100 gm. wet weight of tumor after four weeks of growth as 
reported in Table II of a previous publication (5). This latter water concen- 
tration is higher than that found in the carcass and skeletal muscle and lower 
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Fic. 4. A chart illustrating the shift in concentration of water in the carcass, skeletal 
muscle, and testicle of the host component toward levels in the tumor component of the 
albino rat — Walker carcinoma 256 dual organism. Statistically significant shifts are 
indicated by*arrows with solid lines. 
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than that in the testicle of control, nontumor-bearing albino rats. In each 
case, the shift in water concentration in these tissues of the tumor-bearing 
albino rat, the host component of the dual organism, was toward the concen- 
tration of water in the tumor component. Because of the relative constancy 
of water concentration in these several tissues, as shown by the low coefficients 
of variation listed in Table IV, all shifts in water concentration shown in 
Fig. 4 were statistically significant. 

Thus it has been shown that when the lipid and water concentration of 
carcass, skeletal muscle, and testicle of the normal albino rat differ from those 
of Walker carcinoma 256, the presence of this tumor as part of a dual tumor-— 
host organism is accompanied by (? causes) statistically significant shifts in 
concentration of lipids and water in the carcass, skeletal muscle, and testicle of 
the host albino rat toward concentrations characteristic of the tumor com- 
ponent. If similar shifts are found in further studies now in progress in this 
laboratory, they may be taken as the basis for a working hypothesis that in 
the dual organism albino rat — Walker carcinoma 256, the tumor component 
is in some manner, possibly through a metabolism directing substance or 
substances, forcing upon the host component a metabolic activity which 
approaches the metabolism of the tumor component. 
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NUCLEIC ACIDS AND OTHER PROTEIN-BOUND PHOSPHORUS 
COMPOUNDS OF CAT BRAIN! 


INCORPORATION OF P® AFTER AN INTRACISTERNAL INJECTION 
By K. P. StrRICKLAND 


Abstract 


Methods have been investigated for purifying the phosphorus compounds of 
brain for the determination of specific activities after the administration of 
radioactive phosphate. The specific activities of the nucleic acids obtained by 
the method of Hammarsten (8) were much lower than those obtained by the 
Schmidt and Thannhauser procedure (18). There was a considerable incorpora- 
tion of radioactive phosphate into the phosphorous compounds of cat brain 
following an intracisternal injection of P®. The determination of the relative 
specific activities for a number of phosphorus fractions showed that the incor- 
poration was most rapid into the acid-soluble phosphorus followed, in descending 
order, by ‘‘phosphoprotein”, “‘diphosphoinositide”, pentosenucleic acid, acid- 
insoluble residue, phospholipid, and desoxypentosenucleic acid. 


Introduction 


Bakay and Lindberg (1) found that, after an intracisternal injection of 
radioactive phosphate, there is a marked increase in the incorporation of 
radioactive phosphate into rabbit brain compared to the incorporation that 
follows an intravenous injection. Lindberg and Ernster (11) confirmed these 
findings for the rat and Sacks and Culbreth (17) reported similar results for 
the cat. 

In the experiments reported in this paper the specific activities of the nucleic 
acids and other protein-bound phosphorus compounds of cat brain have been 
determined after the intracisternal injection of radioactive phosphate. The 
observation of Davidson, Frazer, and Hutchinson (3) on rabbit liver and 
Jeener (10) on rat liver, that the Schmidt and Thannhauser (18) procedure 
is unsatisfactory for specific activity measurements of the nucleic acids, because 
of contamination by more active phosphate compounds, has been confirmed 
for cat brain. Another difficulty with the Schmidt and Thannhausér proce- 
dure for tissue from the nervous system is the impossibility of obtaining the 
specific activity of pentosenucleic acid because, even after the removal of 
the highly active inorganic phosphate, the pentosenucleic acid is grossly con- 
taminated with an ester phosphate fraction (12). This contaminating ester 
phosphate is probably largely made up of the diphosphoinositol-containing 
lipid—protein complex described by Folch and LeBaron (6). These findings 
have prompted an investigation of the methods for measuring the specific 
activities of the phosphorus compounds of brain, with special stress on the 
specific activities of the nucleic acids. A preliminary report of these studies 
has already appeared (16). 


1 Manuscript received July 28, 1952. 
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Methods 


Specific Activity Measurements 


Inorganic phosphate was determined by the method described by Ernster, 
Zetterstrém, and Lindberg (4). The method is based on that developed by 
Berenblum and Chain (2) and later modified by Martin and Doty (14). Other 
phosphate fractions were ashed with 60% perchloric acid and the resulting 
inorganic phosphate was determined by the above method. 

M-6 liquid counters (20th Century Electronics) were used for measuring the 
radioactivity due to the incorporated phosphate. The specific activities are 
expressed as the number of counts per ugm. of phosphorus. The term 
relative specific activity is used to refer to the ratio:— 


specific activity of the phosphorus fraction : 
specific activity of the tissue inorganic phosphorus 





All values for the specific activities and phosphorus concentrations are the 
average of two or more determinations. 


Injection and Tissue Preparation 


Each cat was anaesthetized with nembutal for the intracisternal injection. 
A puncture was made into the cisterna magna through the occipito-atloidian 
membrane, using a No. 24 gauge needle. About 0.5 ml. cerebrospinal fluid 
was withdrawn and 0.4—0.5 ml. isotonic saline containing 20 ugm. phosphorus 
as disodium phosphate and 275 yc. radioactive phosphate* per kgm. body 
weight was injected through the same needle. 

Cats were killed 4 and 24 hr. and 2, 4, 8, and 16 days following the injection 
of radioactive phosphate. Blood samples were taken from either the carotid 
artery or the jugular vein just before death. These samples were centrifuged 
and 0.5 ml. plasma was taken for the determination of the plasma inorganic 
phosphorus. 

The cerebral hemispheres were quickly removed and a portion of the brain 
was homogenized at 0° C. with a Potter and Elvehjem (15) homogenizer. For 
the 4~— and 24-hr. cats a sufficient number of 500 mgm. samples of brain homo- 
genate were taken to enable duplicate estimations to be made by each of the 
procedures described below. 


Extraction and Purification of Fractions 
1. Acid-soluble Phosphorus 


The phosphorus compounds soluble in 10% trichloroacetic acid were 
removed with three 5.0 ml. portions of 10% trichloroacetic acid at 0—2° C. 
Five further extractions with 10% trichloroacetic acid were carried out to 
remove small traces of active phosphorus compounds. Negligible activity 
was noted in the last extract. Specific activity determinations were made on 
the inorganic phosphorus and the total acid-soluble phosphorus. 


* Radioactive phosphate in the form of H,P"O, was received from the Eldorado Mining and 
Refining (1944) Limited. 
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2. Phospholipids 


The phospholipids were removed from the tissue residue by two cold 
extractions with 5.0 ml. 95% ethanol, four hot extractions with 5.0 ml. 3:1 
ethanol: ether, and a wash with 5.0 ml. ether. All extracts were combined 
to give the crude phospholipid fraction which was made up to 50 ml. A 
portion of this extract was purified by a combination of the methods of Fishler, 
Taurog, Perlman, and Chaikoff (5) and Hevesy (9) to remove small traces of 
active inorganic phosphate. A 20 ml. sample of the crude phospholipid 
extract was evaporated just to dryness in the presence of 1 ml. M potassium 
dihydrogen phosphate under nitrogen at a reduced pressure at 60°C. The 
phospholipids were re-extracted with three 25 ml. portions of ethyl ether. 
Each extract was filtered through a No. 42 Whatman filter paper to remove 
the last traces of suspended phosphate. The extracts were combined and 
diluted to 100 ml. A 10 ml. portion of the re-extracted phospholipids was 
shaken with 30 ml. 0.1 M hydrochloric acid for 20 min. to remove any 
remaining inorganic phosphate. The ether layer was separated off and 
analyzed for phosphorus and P® activity. 


3. Protein-bound Phosphorus 


The residue left after the removal of the phospholipids was treated in one 
of the following ways: 

(a) Method of Schmidt and Thannhauser (18).—The residue was hydrolyzed 
in N potassium hydroxide. The desoxypentosenucleic acid was precipitated 
from the hydrolyzate with acid, leaving a supernatant fraction, which con- 
tained the phosphorus of the pentosenucleic acid, ‘‘phosphoprotein’’ (as 
inorganic phosphate), and ‘‘diphosphoinositide’’. The precipitated desoxy- 
pentosenucleic acid was extracted by the method of Schneider (19). One 
portion of the extract was purified by the magnesia treatment used by Friedkin 
and Lehninger (7) for purification of ester phosphate fractions. One portion 
of the supernatant was also subjected to the purification procedure. 

(b) Method of Schneider (19).—The nucleic acids were removed from the 
protein-bound residue by extracting with 5.0 ml. 5% trichloroacetic acid at 
90° C. for 15 min., followed by a wash with 5% trichloroacetic acid. The 
residue remaining was then subjected to the Schmidt and Thannhauser 
hydrolysis. On acidification a precipitate appeared which, after several 
washings with 5% trichloroacetic acid, still contained a small amount of 
phosphorus. This is referred to as the acid-insoluble phosphorus. The super- 
natant was purified by the magnesia treatment and is referred to as the 
“diphosphoinositide’”’. 

(c) Method of Hammarsten (8).—The nucleic acids were removed from the 
protein-bound residue by four hot extractions with a saturated solution of 
sodium chloride and ammonium sulphate containing urea. The nucleic acids 
were precipitated with copper sulphate. The precipitate of copper nucleates 
was decomposed and extracted by a combination of acetate buffer and urea. 
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The nucleic acids were then precipitated using ethanol and a trace of sodium 
chloride. Following this the precipitated nucleic acids were dissolved in 
water and reprecipitated with acid alcohol at —15°C. This precipitate was 
dissolved in weak alkali and the nucleic acids were precipitated as before. 
The purified nucleic acids were then separated into desoxypentosenucleic acid 
and pentosenucleic acid by the Schmidt and Thannhauser method. The 
precipitated desoxypentosenucleic acid was washed with 5% trichloroacetic 
acid and the pentosenucleic acid was subjected to the magnesia treatment 
before the specific activities were measured. The residue remaining after the 
removal of the nucleic acid was extracted by the Schneider method to remove 
the last traces of nucleic acids. The resulting residue was then hydrolyzed by 
the method of Schmidt and Thannhauser so that specific activities could be 
obtained for the ‘‘phosphoprotein’’, “‘diphosphoinositide’’, and acid-insoluble 
phosphorus, as described for the method of Schneider (Methods, 3 (0) ). 


Distribution of Phosphorus Compounds 

In most of the fractions upon which specific activity measurements were 
made, purity of the product rather than quantitative recovery was aimed at. 
The method of Logan, Mannell, and Rossiter (12) was used to obtain an 
estimate of the concentration of phosphorus in each of the fractions. 


Results 


In Table I, the specific activities of desoxypentosenucleic acid are compared 
for two animals 4 and 24 hr. after the intracisternal injection of radioactive 
phosphate. For each of the two injection times, the desoxypentosenucleic 
acid obtained by the Hammarsten method had a lower specific activity than 
that obtained by the Schmidt and Thannhauser method. Magnesia treat- 
ment caused a decrease in the specific activity of the desoxypentosenucleic 
acid obtained by the Schmidt and Thannhauser method, but it was still greater 
than the specific activity of that obtained by the method of Hammarsten. 


TABLE I 


SPECIFIC ACTIVITY OF DESOXYPENTOSENUCLEIC ACID IN CAT BRAIN AFTER AN INTRACISTERNAL 
INJECTION OF P# 


(Counts per minute per ugm. P) 














4 hr. 24 hr. 
Schmidt-Thannhauser 2.80 13.6 
Schmidt-Thannhauser (after magnesia treatment) 1.27 7.28 


Hammarsten 0.17 1.05 
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TABLE II 


SPECIFIC ACTIVITY OF PENTOSENUCLEIC ACID IN CAT BRAIN AFTER AN INTRACISTERNAL 
INJECTION OF P® 


(Counts per minute per wgm. P) 











4 hr. 24 hr. 
Schmidt-Thannhauser hydrolyzate 31.9 122 
Schmidt-Thannhauser hydrolyzate (after magnesia treatment) 23.0 85.3 
Calculated 24.2 102 
Hammarsten 6.14 57.3 











Table II shows that the specific activity of the pentosenucleic acid obtained 
by the method of Hammarsten was much lower than that of the Schmidt and 
Thannhauser hydrolyzate. Removing the active inorganic phosphate (from 
“‘phosphoprotein’’) caused a reduction in the specific activity, but it was still 
greatly in excess of the specific activity of the pentosenucleic acid obtained 
by the method of Hammarsten. In addition to pentosenucleic acid, this 
hydrolyzate contains ester phosphate, which has been referred to as ‘‘diphos- 
phoinositide” (12). Knowing the relative amounts of pentosenucleic acid and 
“‘diphosphoinositide”’ in the hydrolyzate and the specific activities of both the 
hydrolyzate after magnesia treatment and the ‘diphosphoinositide”’, the 
specific activity of the pentosenucleic acid can be computed. The figure 
obtained was in excess of the specific activity of pentosenucleic acid obtained 
by the Hammarsten method. 

Specific activities of the phosphorus fractions in the residue (free of nucleic 
acids) are shown in Table III for the various procedures investigated. The 
specific activities obtained for the acid-insoluble, “‘diphosphoinositide’’ and 
“‘phosphoprotein”’ phosphorus were similar for each of the three procedures. 


TABLE III 


SPECIFIC ACTIVITIES OF THE RESIDUE PHOSPHORUS FRACTIONS IN CAT BRAIN AFTER AN 
INTRACISTERNAL INJECTION OF P® 


(Counts per minute per ygm. P) 











4 hr. 24 hr. 
Acid-insoluble P Schneider 7.58 27.6 
Hammarsten 8.34 35.0 
“Diphosphoinositide”’ Schneider 22.5 77.8 
Hammarsten 26.3 83.3 
“Phosphoprotein” Schneider 92 234 
Hammarsten 101 214 
Schmidt-Thannhauser 91 269 
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TABLE IV 


SPECIFIC ACTIVITIES OF THE PHOSPHORUS COMPOUNDS IN CAT BRAIN AFTER AN INTRACISTERNAL 
INJECTION OF P#® 


(Counts per minute per ugm. P) 











4 hr. 24 hr. 
Desoxypentosenucleic acid 0.17 1.05 
Pentosenucleic acid 6.14 57.3 
Acid-insoluble P 8.34 35.0 
“‘Diphosphoinositide” 26.3 83.3 
“Phosphoprotein”’ 101 214 
Lipid P (purified) 3.81 38.8 
Inorganic P 251 366 
Total acid-soluble P 201 387 











Table IV shows the specific activities of each of the phosphorus compounds 
in cat brain both 4 and 24 hr. after an intracisternal injection of radioactive 
phosphate. All the measurements were made by the method of Hammarsten 
(Methods, 3 (c) ), which is believed to give the best estimate of specific 
activity. The ascending order of activity was: desoxypentosenucleic acid, 
phospholipid, acid-insoluble phosphorus, pentosenucleic acid, ‘‘diphospho- 
inositide’’, “‘phosphoprotein”’, total acid-soluble phosphorus, and the inorganic 
phosphorus in the acid-soluble fraction. Each fraction increased in activity 
as the time after the injection was prolonged from 4 to 24 hr. 

The concentrations of each of the substances listed in Table IV are shown 
in Table V. These values were obtained by the methods previously described 
(12). It will be noted that ‘“diphosphoinositide” accounts for more than one- 
half of the protein-bound phosphorus of cat brain. Pentosenucleic acid, 
desoxypentosenucleic acid, “phosphoprotein”, and acid-insoluble phosphorus, 
in descending order of concentration, make up the remainder of the protein- 
bound phosphorus. 


TABLE V 
CONCENTRATIONS OF THE PHOSPHORUS COMPOUNDS IN CAT BRAIN 


(Mom. P/100 gm. wet tissue) 











4 hr. 24 hr. 
Desoxypentosenucleic acid 5.48 6.14 
Pentosenucleic acid 7.3 7.6 
Acid-insoluble P 0.92 0.32 
“Diphosphoinositide” 19.6 17.8 
“Phosphoprotein” 2.99 3.21 
Lipid P 207 220 
Inorganic P 45.8 42.9 
Total acid-soluble P 66.8 71.2 
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Fic. 1. The specific activity of plasma following an intracisternal injection of radio- 
active phosphate. 
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Fic. 2. The relative specific activities of desoxypentosenucleic acid (DNA), pento- 
senucleic acid (PNA), and ‘“‘phosphoprotein” (“‘PP’’) in cat brain, following anjintra- 
cisternal injection of radioactive phosphate. 
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Fic. 3. The relative specific activities of “diphosphoinositide” (‘‘Inositide P’’) and 
ak (Lipid P) in cat brain, following an intracisternal injection of radioactive 
phosphate. 


Fig. 1 shows the specific activity of the plasma inorganic phosphate at dif- 
ferent times after the injection. It can be seen that there is a sharp fall during 
the first few hours, followed by a slow decline in specific activity during the 
subsequent days. 

Fig. 2 shows the changes with time of the relative specific activities of the 
desoxypentosenucleic acid, pentosenucleic acid, and ‘phosphoprotein’. 
Similar data for lipid phosphorus and “diphosphoinositide’’ phosphorus are 
presented in Fig. 3. The most rapid incorporation was into the “phospho- 
protein” and the slowest was into the desoxypentosenucleic acid. The figures 
for pentosenucleic acid, phospholipid, and ‘‘diphosphoinositide’’ were inter- 
mediate in value. During the early stages there was a more rapid incorpora- 
tion of the P® into the “‘diphosphoinositide’’, but during the later stages there 
was a more rapid incorporation into the pentosenucleic acid. 


Discussion 

In most biological problems involving radioactive isotopes the difficulty 
of obtaining a pure substance for analysis must be overcome. This is espe- 
cially true for the phosphorus fractions that have been investigated. A very 
slight contamination with a highly active compound will cause a large error in 
the specific activity determination. This would appear to be the reason for 
the unsuitability of the Schmidt and Thannhauser method for specific activity 
determinations of nucleic acids. On hydrolysis the active inorganic phosphate 
from the “phosphoprotein” can very easily contaminate the nucleic acids, 
making them difficult to purify even with the aid of carrier phosphate. 

This problem of contamination would suggest the use of a method such as 
that of Hammarsten (8), in which the nucleic acids are isolated in a relatively 
pure form. Our evidence very definitely confirms the conclusions of Davidson 
et al. (3) and Jeener (10). They indicated that the Schmidt and Thannhauser 
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procedure is unsatisfactory for specific activity determinations of the nucleic 
acids and that isolation of the nucleic acids or their constituent nucleotides is 
essential. 

For brain tissue the Hammarsten method has the added advantage that a 
direct specific activity measurement can be obtained for pentosenucleic acid. 
With the Schmidt and Thannhauser method the specific activity of the pento- 
senucleic acid cannot be obtained because the ester phosphate from the 
“‘diphosphoinositide’’ measures with the pentosenucleic acid. The Hammar- 
sten method also enables specific activities to be measured on the phosphorus 
compounds by using one sample of brain. 

The specific activity reported for the desoxypentosenucleic acid may still be 
high, because it is uncertain whether all of the much more active pentose- 
nucleic acid is washed from the desoxypentosenucleic acid precipitate. It is 
also possible that a trace of pentosenucleic acid may remain unhydrolyzed and 
be precipitated with the desoxypentosenucleic acid. Therefore, the values 
reported for the specific activities of the desoxypentosenucleic acid are maximal 
values. The true values may be much lower. 

The possibility still remains that the specific activities of the pentosenucleic 
acid obtained by Hammarsten’s method may also be too high, owing to con- 
tamination with more active substances. However, experiments now in 
progress indicate that the specific activities of the individual nucleotides 
separated by chromatography are of the same order as those found for the 
pentosenucleic acid. 

The specific activities of the acid-insoluble phosphorus and the ‘‘diphos- 
phoinositide’”’ could be expected to be about the same for the Schneider and 
the Hammarsten methods, since the same end-product is obtained. The 
specific activity of the acid-insoluble fraction is possibly too high because of 
contamination by inorganic phosphate from the ‘phosphoprotein’. The 
specific activity of the “‘diphosphoinositide” fraction may be high owing to 
traces of active inorganic phosphate (“‘phosphoprotein”’) that two precipita- 
tions with carrier inorganic phosphate have failed to remove. 

The specific activities reported in Table IV are those obtained using the 
Hammarsten method. These specific activities indicate the degree of incor- 
poration of radioactive phosphate into each of the phosphorus compounds of 
cat brain. The active inorganic phosphate in the cerebrospinal fluid rapidly 
exchanges with the intracellular inorganic phosphate. This inorganic phos- 
phate is quite rapidly incorporated into the acid-soluble ester phosphate 
fractions of the cell. There is a slower incorporation of inorganic phosphate 
(probably through the acid-soluble ester phosphate fractions) into the other 
phosphorus fractions. 

As the time after injection is increased, the specific activities of the slower 
forming phosphorus fractions approach the specific activity of the inorganic 
phosphorus. This is well illustrated by the relative specific activity — time 
curves for each fraction. The rapid rise in the specific activity of the ‘‘phos- 
phoprotein” indicates a rapid turnover of the phosphate moiety for a com- 
pound, or group of compounds, about which little is known. 
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There is not sufficient information available to attach any significance to the 
similar nature of the curves for pentosenucleic acid, “diphosphoinositide”’, 
and phospholipids. It may be that there is a common phosphorylation path- 
way for the incorporation of phosphate in the case of the phospholipids and 
“‘diphosphoinositide”’, since the phosphorus of the latter is originally present 
in the form of a lipid-protein complex. This “diphosphoinositide” fraction 
must play an important role in the phosphorus metabolism of brain. It hasa 
high specific activity and it makes up a large portion of the protein-bound 
phosphorus of both cat brain and dog brain (12). It is also an important 
constituent of the myelin sheath (13). 

Since there is a sharp decrease in the specific activity curve for the plasma 
inorganic phosphorus, a large portion of the radioactive phosphate must be 
released from the cerebrospinal fluid in the first few hours. The data of 
Sacks and Culbreth (17) provide evidence of this. Subsequently, the radio- 
active phosphate disappears exponentially from the blood stream as after an 
intravenous injection. 

The specific activity measurements indicate that there is a good incorpora- 
tion of radioactive phosphate into the phosphorus compounds of cat brain 
when the radioactive phosphate is injected intracisternally. This is further 
evidence (1, 11, 17) that the metabolism of phosphorus compounds in the 
brain is much more rapid than was suspected from the results of experiments 
in which the radioactive phosphate was given by the oral or intravenous route. 
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CHANGES IN OXYGEN UPTAKE AND PEPTIDASE ACTIVITY OF 
RAT THYMUS DURING GROWTH AND AFTER ADRENALECTOMY! 


Marion K. BIRMINGHAM AND MARrRIE-LOUISE DESBARATS 


Abstract 


In male Sherman rats there is a straight line relationship between the logarithm 
of thymus weight and the logarithm of body weight until the animal weighs about 
200 gm. With a further increase in body weight the thymus involutes but the 
extent of involution is extremely variable. The oxygen uptake of thymus 
suspensions and the maintenance of the respiration rate decrease with increase 
in body weight, both in the presence and absence of added glucose. Glucose added 
to the medium has little effect upon the respiration rate of the thymus of young 
animals but stimulates the respiration rate of the glands as the animals grow 
older. Thymus suspensions from adrenalectomized and sham-operated rats do 
not differ in their respiration rate or in their peptidase activity as measured by 
the ability to hydrolyze glycylglycylglycine. 


Introduction 


An outstanding characteristic of the thymus is its response to adrenocortical 
activity and the marked involution which occurs during growth. Relatively 
little is known about the metabolic changes of the thymus under these con- 
ditions. In the present work the oxygen uptake of rat thymus suspensions in 
glucose-containing and in glucose-free medium has been studied in relation to 
growth and experiments on the effect of adrenalectomy on the oxygen uptake 
and peptidase activity of the thymus at two age levels have been carried out. 

Chévremont, in one paper (4), reports a maximum in the respiration rate 
of slices of guinea pig thymus in animals 30 days old, in another paper (3) 
the maximum is stated to be in 10-day-old animals. The variability of respira- 
tion rates obtained was too great to justify the localization of a maximum. 
Schuler (14) published a graph without experimental points indicating that the 
respiration rates of thymuses taken from rats weighing between 30 and 150 gm. 
are the same and drop slightly with further increase in weight. Respiration 
was reported to be the same in glucose-free and glucose-containing Krebs— 
Ringer solution and independent of thymus weight. von Bertalanffy and 
Pirozynski (19) give average Qo, values of 9.0, 8.7, 7.1, and 7.0 for thymus 
slices of albino rats weighing 0-50, 50-150, 150-250, and over 250 gm. respec- 
tively. 

Methods 


Male Sherman and Long-Evans rats were used to determine the variation 
with body weight* of thymus respiration in glucose-containing medium. The 


1 Manuscript received June 30, 1952. 


Contribution from the Gerontologic Unit, Department of Psychiatry, McGill University, 
Montreal, Canada. This work was aided by a grant from the National Research Council, Ottawa. 
* The chronological age of the rats was not known accurately. However, because the bod 
weight of the rat continues to increase throughout its life span, the age can be evaluated approxt- 
mately from the weight. Andreasen (1) found that male albino rats of his colony reached an average 
weight of about 270 gm. by the fifth month, at which point there was a break in the growth curve. At 
12 months the average body weight was 330 gm., at 24 months of age it was 400 gm. 
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rest of the experimental work was carried out on Sherman rats which had been 
kept in an air-conditioned and temperature-controlled environment. The 
animals were fed Purina fox chow ad libitum. 

The animals were decapitated with a guillotine. The thymus was removed, 
weighed on a torsion balance, and homogenized with the apparatus of Potter 
and Elvehjem (12), in calcium-free Krebs—Ringer—phosphate solution (sodium 
chloride 105 mM, potassium chloride 4.7 mM, magnesium sulphate 1.2 mM, 
mixed sodium phosphate, pH 7.6,30mM). Homogenization was carried out 
for three minutes in 3 ml. of medium. The suspension was then diluted 
with more medium to a final tissue concentration of 50 mgm. per ml. 
Glucose (9 mM final concentration) was added to the medium before homogen- 
ization, or, in experiments in which the respiration rates in the presence and 
absence of added glucose were compared on the same tissue sample, the 
required amount of glucose was pipetted directly into the manometric flasks. 
Oxygen uptake of 2-ml. samples of the suspension was measured in the 
Warburg apparatus in an atmosphere of air. After equilibration, readings 
were taken for 90 min. The pH at the end of the experimental period was 
checked with a glass electrode and found to be 7.22 + 0.0166 (S.E.) when 
glucose was present in the medium, 7.50 + 0.0105 in the absence of glucose. 
This difference is statistically significant (P < 0.001). 

For experiments in which the effect of adrenalectomy on the metabolic 
activity of the thymus in vitro was determined, male Sherman rats were paired 
according to weight and either adrenalectomized or sham-operated. The 
adrenalectomized animals received 1% saline in place of drinking water. 
Four days after the operation the animals were sacrificed and the oxygen 
uptake and peptidase activity of the thymus suspension were determined. 
Peptidase activity was measured by the microtitration technique of Grassmann 
and Heyde (9) using glycylglycylglycine as substrate and cobalt as activator. 
The reaction mixture was made of 0.1 to 0.2 ml. of the 50 mgm. per ml. 
suspension, 1 ml. of 0.1 M glycylglycylglycine which had been adjusted to 
pH 7.0 with sodium hydroxide, 0.2 ml. of 0.01 M cobalt sulphate, 0.01 ml. of 
toluene, and water to a total volume of 2 ml. No buffer was added since the 
pH was maintained within 0.1 units during the course of hydrolysis by the 
buffering action of the substrate. The reaction mixture was incubated at 
37° C. for two hours and 0.2 ml. samples were titrated with 0.01 N alcoholic 
potassium hydroxide at half-hourly intervals. The rate of hydrolysis was 
constant until about 60% of the substrate was split, and was found to be 
directly proportional to the tissue concentration within the range tested, 2.5 
to 10 mgm. per ml. reaction mixture. Results are expressed as per cent 
hydrolysis of the substrate per hour (assuming the splitting of one peptide 
linkage only) when the tissue concentration of the reaction mixture was 
2.5 mgm. per ml. 
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Results 


Before discussing the experimental results, the relationship of body weight 
to thymus weight in our male rats should be pointed out. The thymus weights 
increase rapidly with body weight until the animals weigh about 150 gm. 














(Fig. 1). In animals weighing over 200 gm. the thymus weights begin to 
decrease but the extent of involution with increase in body weight is extremely 
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Fic. 1. Relation of thymus weight and body weight in male Sherman (0) and Long- 
Evans (x) rats. 
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variable. In Fig. 2 the weights were plotted on a logarithmic scale. A 
straight line relationship between the log weight of the growing thymus and 
the log body weight is apparent in the Sherman colony. In agreement with 
the findings of Stoerk (17), with male albino rats on a Rockland diet, the 
greatest thymus weights in both our colonies occurred in animals weighing 
around 200 gm. In contrast to his observations no break occurred in the 
growth curve in our Sherman colony around a body weight of 40 gm. The 
number of Long-Evans rats at that weight level was insufficient to determine 
whether a break exists. 
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Fic. 3. Relation between oxygen uptake of thymus suspensions in glucose-containing 
medium and body weight in male Sherman (0) and Long-Evans (x) rats. Where more 
than one thymus was needed to obtain an adequate amount of tissue the number of 
thymuses used is indicated beside the symbol in this and the following figures. In all 
figures the calculated regression lines are shown. Sherman rats:r = —0.498; 0.01 > 
P > 0.001. Long-Evans rats: r = —0.525; P < 0.001. 


The relation of body weight to the respiration rate of thymus in glucose- 
containing medium is shown in Fig. 3. In spite of the great variation in 
respiration rates at any one weight level the correlation between rat weight 
and respiration rate proved to be statistically highly significant. The thymus 
suspensions from Long-Evans rats appeared to respire more actively than those 
from the Sherman strain at all weight levels, but the percentage drop with 
increasing weight was about the same in both strains. 
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Fic. 4. Relation between oxygen uptake of thymus suupentete in glucose-free medium 
and body weight in male Sherman rats. r = —0.798; P < 0.001. 
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Fic. 5. Effect of omitting glucose on the oxygen uptake of thymus suspensions from 
male Sherman rats at various weights. Oxygen uptake with glucose in the medium is 
taken as unity. r = —0.698; P < 0.001. 


When glucose is omitted from the medium the decrease in respiration rate 
of the thymus with increase in body weight becomes more marked (compare 
(Fig. 4 and Fig. 3a; the oxygen uptake in the absence of glucose was measured 
in Sherman rats only). This is because glucose added to the medium has little 
effect upon the oxygen uptake during the first hour of incubation of young 
thymuses but stimulates the respiration rate of thymuses taken from older 
animals. In Fig..5 the results of experiments are shown in which samples of 
the same tissue suspension were allowed to respire in glucose-free and in 
glucose-containing medium. The ratio of the respiration rate in the absence 
of glucose to the respiration rate in the presence of glucose is plotted against 
body weight. 

The maintenance of the respiration rate of thymus suspensions also decreases 
with increase of body weight. In Fig. 6 ratios of the oxygen uptake during 
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Fic. 6. Change with body weight of the maintenance of the oxygen uptake rate of 
thymus suspensions from male Sherman (0) and Long-Evans (x) rats. Sherman rats: 
¢ = —0.603, P < 0.001. Long-Evans rats: r = —0.422;0.01 > P > 0.001. 
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the third half-hour period to the uptake during the first half-hour have been 
plotted. The decrease in maintenance of respiration in glucose-containing 
medium was statistically significant in the thymus suspensions from both 
strains of animals, but appeared to be more marked in the Sherman strain. 
Omitting glucose from the medium impairs the maintenance of respiration 
over a 90 min. experimental period throughout the entire weight range, but 
the percentage drop in the maintenance of respiration with increase in body 
weight is the same as in the presence of glucose (Fig. 7). 
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Fic. 7. Change with body weight of the maintenance of the oxygen uptake rate of 
thymus suspensions in glucose-free medium. Male Sherman rats: r = —0.77; P < 
0.001. 


To find out whether there is any relation between thymus weight and the 
respiration rate per unit weight of thymus, the respiration values were divided 
into two groups: (A) Respiration rates of thymus obtained from rats weighing 
under 200 gm., in which the thymus weights are largely an indication of tissue 
growth and (B) respiration rates obtained from the thymus of rats weighing 
200 gm. or more in which the thymus weights may be assumed to be mainly a 
measure of the degree of tissue involution. The results are plotted in Fig. 8. 
As might be expected, in animals weighing less than 200 gm. the oxygen uptake 
did not vary significantly with thymus weight in either strain. There was a 
definite correlation between the respiration rate per milligram thymus and the 
thymus weight of the Sherman rats weighing more than 200 gm. _ In the Long— 
Evans rats weighing over 200 gm. the correlation was not statistically signi- 
ficant. It may be noted that thymus involution with increase in body size 
was less marked in this strain (See Fig. 1). 

Adrenocortical secretion is known to be an important factor in controlling 
thymus involution. To determine whether variation in adrenocortical secre- 
tion might be accompanied by differences in the metabolic activity of this 
gland in vitro, the oxygen uptake and the peptidase activity of thymus sus- 
pensions from adrenalectomized and sham-adrenalectomized animals at two 
weight levels were compared. It may be seen from Table I that the average 
thymus weights of young and mature sham-operated animals were consider- 
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Fic. 8. Relation between thymus weight and oxygen uptake of thymus suspensions 
from rats weighing less than 200 gm. (upper figure) and rats weighing over 290 gm. (lower 
figure). © = data from Sherman rats (SH). x = data from Long-Evans rats (L.E.). 
Where the regression lines are broken, the correlation was not significant. Sherman rats 
weighing over 200 gm.: r = 0.554; 0.05 > P > 0.02. 
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ably lower than those of the adrenalectomized rats but no significant difference 
between oxygen uptake or peptidase activity, per unit weight, of sham- 
operated and adrenalectomized animals was apparent. In all cases the 
peptidase activity as weil as the oxygen uptake per unit weight was significantly 
higher in the thymuses obtained from the younger rats. 


Discussion 


The finding that the oxygen uptake in vitro per unit weight of thymus 
decreases with increase in body weight may be ascribed to the replacement of 
metabolically active tissue in the thymus with adipose material and con- 
nective tissue. Andreasen (1) has shown that the relative nuclein phosphorus 
content of rat thymus decreases with age and parallels closely the relative 
amount of cortical tissue, which is known to be the main site of the lympho- 
cytes in that organ. The relative weights of medulla and of connective tissue, 
on the other hand, increase markedly with age. The amount of nuclein 
phosphorus and of cortical tissue per unit weight of thymus was about 50% 
lower in two-year-old animals (average weight 400 gm.) than in one-month-old 
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rats (average weight 50 gm.). A similar drop in respiration rate per unit 
weight of thymus occurred in the present work in animals of comparable 
weights. 

The reason for the stimulating effect of glucose upon the oxygen uptake 
rate of the thymus from older animals is not clear. It is possible that the 
source of endogenous substrate of the thymus decreases with the age of the 
animal. Cutting and McCance (7) have observed a stimulation of the 
respiration of kidney slices from adult animals by succinate, methionine, and 
lactate, but found only small and inconsistent effects on the kidney slices 
taken from newborn animals. 

The drop in maintenance of the respiration rate of thymus suspensions in 
the older animals may be an indication of increased cellular permeability of 
the thymus. Cutting and McCance (6) found a drop in maintenance of the 
respiration of kidney slices with age of the animal which correlated with 
an increased loss of nitrogen from the slices. In the present work the loss of 
maintenance of respiration only contributed to a small extent to the decreased 
hourly oxygen uptake rate of the thymus in the larger rats since the initial 
respiration rates were also greatly lowered in these animals. 

The finding that the oxygen uptake of thymuses from adrenalectomized 
rats did not vary significantly from that of sham-operated animals is at 
variance with Strand and Gordon’s (18) report that the respiration of lym- 
phoid tissues is increased by adrenal removal. 

Adrenocortical secretion is known to cause an over-all increase in protein 
catabolism. The fact that the peptidase activity of the thymus of sham- 
operated and of adrenalectomized animals was the same makes it unlikely 
that the protein catabolic effect is exerted through a direct stimulation of 
the activity of peptide-splitting enzymes. This conclusion is in line with 


TABLE I 


EFFECT OF ADRENALECTOMY ON THE OXYGEN UPTAKE AND PEPTIDASE ACTIVITY OF RAT THYMUS 














Sham-operated rats Adrenalectomized rats 
Rat wt., | Thym. wt.) Oxygen | Peptidase | Rat wt., | Thym.wt.,| Oxygen | Peptidase 
gm. gm. uptake activity gm. gm. uptake activity 
52 .120 114 21 55 .258 127 20 
52 .090 91 17 55 .265 127 17 
62 .064 54 22 78 .227 104 13.5 
66 +172 118 12-5 60 -254 92 19-5 
Av.: .112 94 18.1 .251 113 ge 
183 .244 72 12 193 .484 50 12.5 
165 . 269 41 11 209 .594 63 11.5 
231 .279 50 10.5 225 .294 63 10.0 
Ap. .264 54 11.2 .457 59 11.3 


























Note: Units for oxygen uptake: sl.O2 consumed per hour per 100 mgm. tissue. Units for 
peptidase activity: per cent hydrolysis p | pp miei seaelocine per hour. Tissue concentration, 
2.5 mgm./ml., substrate concentration 0.0 
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the recent observation of Engel and Schwartz (8) that treatment of rats with 
ACTH does not affect the tissue peptidase activity. It has previously been 
found in this laboratory that treatment of human subjects with ACTH does 
not increase their serum peptidase activity (5), and other workers (11, 15, 16) 
have not been able to confirm the observation of Holman, White, and Fruton 


(10) and of Sayers et aj. (13) that ACTH increases the serum peptidase 
activity of animals. 

The difference in peptidase activity of the thymus of young and older sham- 
operated or adrenalectomized rats indicates an age effect similar to that 
observed with respiration. The decrease of peptidase activity with age has 
since been established in this laboratory using the thymus of a large number 
of mice of known ages (2). 
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SALMONELLA TYPHOSA Vi ANTIGEN AND ITS IMMUNIZING 
POTENTIAL! 


By N. N. SwaBs AND G. B. REED 


Abstract 


A series of cultures of typhoid bacilli containing Vi antigen were much more 
virulent for mice than strains in which the Vi antigen was not present. Vaccines 

repared from all the Vi strains tested produced a much higher level of active 
immunity than vaccines prepared from W types lacking the Viantigen. Sera of 
rabbits immunized with vaccines made from Vi strains produced a much higher 
level of passive immunity in mice than sera of rabbits immunized with non-Vi 
strains. The Vi antigen contained in vaccines prepared from certain strains and, 
one in particular, proved to have a greater thermostability and greater general 
stability, as reece by storage, than the Vi antigen of other strains. An acid 
extract of a Vi strain produced a high level active immunity in mice. 


Introduction 


The majority of strains of Salmonella typhosa freshly isolated from human 
infections or carriers contain the Vi antigen of Felix and Pitt (6). Craigie and 
Brandon (4), Rouse (13), and later observers have found that approximately 
95% of strains isolated from human cases contain the Vi antigen. Felix and 
Pitt (7) and many later authors have associated high virulence in S. typhosa 
strains with the presence of the Vi antigen. Several workers, particularly 
Robertson and Yu (12), have questioned this relationship and Kauffmann 
(9) found that strains of S. birchfeldit which contain the Vi antigen were not 
more virulent than strains lacking this antigen. 

According to Boivin and Mesrobeanu (2) the O antigens of S. typhosa may 
be extracted as a polysaccharide—lipid complex. Boivin and Mesrobeanu (3) 
prepared chemically similar extracts of the Vi antigen. Smith (14), Morgan 
(10), and others have investigated the serological activity of similar extracts. 
Henderson and Morgan (8) found the Vi antigen extract was less toxic than the 
O antigen extract. However, these data can not readily be accepted as a 
measure of the contribution of the Vi antigen to the virulence of these organ- 
isms until there is greater assurance of the purity of the extracts. 

This paper is concerned with reassessment of the virulence of strains of 
S. typhosa with and without the Vi antigen, with the immunizing value of 
vaccines prepared from the two types, and with the stability of certain Vi 
antigens in these vaccines. 


1. Strains Examined 
The following 10 well-known cultures* formed the basis of the work: 
Salmonella typhosa, Type A, Vi form 
- “« _, Type C, Vi form 
, Type E, , Vi form 


“ “ 


1 Manuscript received August 5, 1952. 
Contribution from the Department of Bacteriology, Queen's University, Kingston, Ontario. 


* Weare indebted to Miss Crossley, Ontario Department of Health, and Miss Clark, Connaught 
Laboratory, for several of these cultures. 
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Salmonella typhosa, Type Fi , Vi form 


” “« , U.S. Army No. 58, Vi form 
* “Vil, Vi form 

aia “ , Oxford H-901, W form 

= “ , Oxford O-901, W form 


i “« , Kansali, W form 


Salmonella gallinarum 
Salmonella sp. type Ballerup 

Variants isolated from four of the above cultures were also used. The isola- 
tion of these variants was carried out as follows: 

Vi I. The S. typhosa Vil cultures used throughout this work were isolated 
as a smooth Vi colony from a degrading Vi I culture which was predominately 
rough. This isolated smooth type is distinguished on veal infusion agar from 
typical thermolabile VI forms as the colony is more dome-shaped, more opaque, 
and the surface is more glistening. This strain is inagglutinable by O anti- 
serum. 

ViI-W. The Vi I strain was grown on veal infusion agar at 40°C. After 
a series of culture-generations at this temperature the Vi antigen was lost. 
For a subsequent series of culture-generations at 37° it grew as a W form 
without regaining ability to produce Vi antigen. 

S. typhosa Whitney. This Vi strain was recovered from a culture of 
Oxford H-901, This Oxford strain has been known as a stable W form for 
many years. 

A monovalent typhoid O serum was added to fresh veal infusion broth 
(containing 0.2% agar) to a concentration five times the titer of the serum O 
antibodies. This was placed in conventional mobility tubes and the inner 
tube inoculated at the top with the W form Oxford H-901. During 48 hr. 
incubation the W forms had extended only about 1 in. down the inner tubes. 
On the third day rapid growth occurred down one of the inner tubes and to 
the surface of the outer tube. Analysis of the first growth to reach the surface 
of the outer tube indicated it to be a new Vi form. 

The O serum apparently agglutinated, or held back, the extension of growth 
of the W form, or it may have stimulated mutation of the W form. In any 
case the new Vi type readily moved through the semisolid O-antibody-con- 
taining medium. This new Vi type, referred to as S. typhosa Whitney is not 
lysed by any standard group II phage at standard test dilutions, It is lysed 
by Group I, III, and IV phage. 

S. typhosa Q 58. This strain was isolated by plating on fresh veal infusion 
agar from an old egg-saline culture of S. typhosa U.S. Army No. 58. The Vi 
strain recovered shows the same phage reactions as the parent strain but, as 
indicated in more detail in a later section of the paper, when the organisms 
were suspended in 0.3% formalin the Vi antigen was more resistant to heat 
than that of the parent strain. 
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S. typhosa 58 Ly. A colony on a fresh veal agar plate of S. typhosa U.S. 
Army No. 58 was seen to be partially lysed. Isolated cultures showed similar 
characteristics. After incubation for 24 hr. on fresh veal agar small zones of 
autolysis are visible in the colonies and on further incubation the lytic zones 
enlarge to involve all the colony except a marginal rim. This phenomenon 
was only observed on certain batches of fresh veal infusion agar. It was not 
observed on beef heart infusion agar. Repeated efforts to isolate a phage from 
the lytic colonies were not successful. The thermalability of this strain and 
the phage reactions were similar to the parent strain. 


2. Virulence of S. typhosa Strains 


A series of experiments were carried out to determine the relative virulence 
of several classical Vi and W strains of S. typhosa and the variants of these 
cultures described in the preceding section. 

Preliminary mouse virulence tests indicated that 0.5 ml. doses of 4 to 12 hr. 
fresh veal infusion broth cultures* of most typhoid strains were lethal for mice 
when injected intraperitoneally. Later it was found that 24 hr. cultures were 
somewhat less pathogenic when a similar dosage was employed, and gave a 
more satisfactory basis for comparing quantitatively the virulence of different 
strains. In this medium most typhoid strains reached a peak viable count of 
about 5 X 10® bacilli per ml. in about 14 hr., as determined by the drop plate 
method (Reed and Reed (11)). At the end of the 24 hr. incubation period 
the average viable count was 3 X 10* organisms per milliliter. 

In the trials recorded here 24 hr. fresh veal infusion broth cultures of the 
typhoid strains were injected intraperitoneally in 0.5 ml. doses into 25 gm. 
mice. The results of these trials and the surface antigenic analysis of the 
strains used are shown in Table I. 

Slide agglutination procedures were employed to analyze the various 
cultures for the presence of Vi, IX, XII, and d antigens. Absorbed mono- 
valent Vi, IX, and d sera were prepared and these monovalent sera were 
diluted to standard titer. A standard monovalent serum was defined as the 
highest dilution of the monovalent serum which gave a four plus standard slide 
agglutination reaction with the standard suspension of a control typhoid 
strain. The standard suspension was prepared by growing the organism on a 
4 in. fresh veal infusion slant in a 6 in. X 5/8 in. tube and then suspending the 
24 hr. growth in 1 ml. of 0.3% formalized buffered saline. The control sus- 
pension for standardizing the monovalent Vi serum was prepared by using the 
Vi form S. typhosa Vil. S. typhosa Oxford H-901 was used to standardize the 
monovalent IX serum, and the XII serum. Salmonella sp. Type Reading 
serum containing IV and XII antibodies was diluted to the standard titer 
with respect to the XII fraction and was employed to test for the XII antigen 

* To 500 gm. minced fresh veal, free of fat, add 1000 ml. distilled water and infuse overnight 
at 40° C. Heat to boilis:g for one-half hour. Strain through bed of minced meat on muslin. Add 
1% proteose peptone, 1% stock salt solution (25% sodium chloride, 1% calcium chloride, 2% 


potassium chloride), 0.1% glucose. Adjust to pH 8.0 and steam 20 min., filter through paper and 
adjust to pH 7.0; tube and sterilize at 12 1b.; steam. 
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in the cultures studied. S. typhosa Oxford H-901 was used to standardize the 
monovalent d serum. The usual slide agglutination procedures for Salmonella 
antigenic analysis were performed with the formalized suspensions. The 
agglutination reactions and the virulence of Salmonella gallinarum and Sal- 
monella sp. Type Ballerup are also shown in Table I. 


TABLE I 


VIRULENCE AND ANTIGENIC STRUCTURE OF A SERIES OF CULTURES OF S. typhosa AND 
OTHER SALMONELLAS 














Slide agglutination with monovalent 
Strain No. mice | Per cent sera: 
injected | mortality 
Vi IX XII d 
S. typhosa 
Vi I 40 95 ttt = — nai 
E,(Vi form) 50 % it4+4+, — — |++++ 
Whitney 30 90 er) = + 
Type A 55 87 ++++/ ++ ++ + 
Type C 40 70 +++] ++ + + 
gh 40 75 5 FE e+ | $+ | +++ 
U.S. Army 58 38 84 ++++ + + +++ 
E; (VW Form) 40 72 SH fF Ot 4+ 
Oxford O-901 30 50 — $t+4it+++) — 
Oxford H-901 30 60 — |{+4+4+4)/+4+4+4+/4+4+4+4+ 
Vi I (W form) 20 15 —_ +++ + cals 
Kansali 50 22 — 41444414444 
S. gallinarum 30 10 _— oe ee ee ame 
Salmonella sp. Type Ballerup 20 80 +4+4+4+|, — — = 























It is apparent from Table I that the eight strains of S. typhosa containing 
the Vi antigen produce death in 70 to 95% of mice injected, whereas identical 
doses of similarly cultivated S. typhosa strains lacking the Vi antigen produce 
death in 15 to 60% of the mice. It is also apparent that Salmonella sp. Type 
Ballerup, which contains the Vi antigen but lacks O antigens common with 
those of typhoid bacilli, is highly virulent for mice and that S. gallinarum 
which lacks Vi antigen but possesses the O antigens of typhoid bacilli has little 
virulence for mice. 

These results are clearly in line with the considerable previous work which 
associates the presence of the Vi antigen in a typhoid bacillus with high 
virulence. It also seems apparent that Vi strains like Vi I, E; and Whitney, 
in which the O antigens are masked by the Vi antigen in agglutination reactions 
are more virulent than strains in which the O antigens are not masked, as types 
A, C,and F. Moreover there is much variability in the virulence of S. typhosa 
strains lacking the Vi antigen; Oxford H-901 has a relatively high level of 
virulence in contrast to Vi I (W form) or Kansali, yet both have a full comple- 
ment of O antigens. 


These observations suggest that virulence of the typhoid bacillus is asso- 
ciated with factors, still obscure, in addition to the VI, IX, and XII antigens. 
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3. Immunizing Value of Typhoid Vaccines 


A series of vaccines were prepared from classical strains of typhoid bacilli 
and the variants described in the first section of this paper. The cultures 
were grown for 24 hr. on fresh veal infusion — peptone agar for 24 hr. and the 
growth suspended in saline containing 0.3% formalin. The suspensions were 
then heated to 60° C. for one hour and the concentration adjusted to 1 x 10° 
organisms per milliliter. For comparison a commercial TAB vaccine was 
adjusted to the same opacity as the freshly prepared vaccines and injected in 
the same manner. 

In a preliminary series of trials 25 gm. mice were injected intraperitoneally 
with three serial graded doses of vaccines prepared from the several different 
strains of S. typhosa. Seven days after the last injection, a challenging dose 
of 0.5 ml. of a 24 hr. fresh veal infusion broth culture of S. typhosa Vi I was 
injected intraperitoneally into the vaccinated mice and nonvaccinated controls. 
All of the vaccines, prepared from typhoid strains containing Vi antigen, on 
triple inoculation, conferred a sufficiently high level of immunity in most of the 
mice to neutralize the challenging dose. 

In order to obtain clearer evidence of the relative efficiency of the several 
vaccines it was necessary to either amplify the virulence of the challenging 
organism, suspend the organisms in mucin, or to reduce the number of doses 
of vaccine. In the subsequent series of trials mice were given a single dose of 
vaccine, 0.5 ml. intraperitoneally. Seven days later the mice were challenged 
with 0.5 ml. of a 24 hr. culture of a virulent typhoid strain grown in fresh 
veal infusion broth. 


TABLE II 


IMMUNIZING VALUE OF TYPHOID VACCINES IN MICE. MICE WERE GIVEN ONE DOSE OF VACCINE 
AND SEVEN DAYS LATER CHALLENGED WITH 0.5 ML. OF A 24 HR. CULTURE OF S.typhosa Vi I 











— No. mice Per cent 

‘ tested survivors 
S. typhosa Vi 1 23 87 
S. typhosa Whitney 20 85 
S. typhosa Vi 1 (W form) 22 26 
S. typhosa Oxford H-901 20 45 
Commercial TAB 19 42 
Controls 30 7 











Table II indicates the results obtained with vaccines from a series of strains 
of typhoid bacilli. These were made, as previously described, by suspending 
the growth from 24 hr. fresh veal infusion agar cultures in saline containing 
0.3% formalin and heating at 60°C. for one hour. A commercial TAB 
vaccine was adjusted to the same opacity as the fresh vaccines and used in 
the same manner. Seven days after the single dose of vaccines the mice were 
challenged with 0.5 ml. of a 24 hr. fresh veal infusion broth culture of the 
highly virulent Vi I strain, injected intraperitoneally. It is apparent from 
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the table that vaccines prepared from the two Vi strains of typhoid bacilli 
induce a much higher level of protection, 87 and 85% survival, than vaccines 
prepared from non-Vi strains, 26 to 45% survival. 

In a second series of trials, vaccines were prepared from Vi and non-Vi 
strains, from S. gallinarum and Salmonella sp. Type Ballerup. These were 
prepared as previously described in this section, except that they were not 
heated. In the case of the four vaccines made from Vi strains a comparison 
was also made of the protective value of preparations when they were freshly 
made and after various periods of storage at either room temperature or at 
4° to 6°C. Asingle dose of 0.5 ml. of the vaccine was injected intraperitoneally 
into 25 gm. mice and seven days later they were challenged with 0.5 ml. of 
a 24 hr. fresh veal infusion culture of S. typhosa E,. The E; strain has about 
the same virulence for mice as the Vi I strain used in the preceding vaccine 
trials, see Table I. 


TABLE III 


IMMUNIZING VALUE OF TYPHOID VACCINES IN MICE. MICE WERE GIVEN ONE DOSE OF VACCINE 
AND SEVEN DAYS LATER CHALLENGED WITH 0.5 ML. OF A 24 HR. CULTURE OF S. typhi F, 








. No. mice Per cent 
Vaccine i i 
challenged survivors 








S. typhosa Vi I 


Freshly made 46 91 

Stored 6 mo. room temp. 20 80 

Stored 2 years 4° C. 22 77 
S. typhosa Whitney 

Freshly made 18 | 89 

Stored 6 mo. room temp. 24 29 
S. typhosa Type A | 

Freshly made vaccine 20 85 

Stored 6 mo. room temp. 20 | 25 
S. typhosa U.S. Army No. 58 

Freshly made 21 90 

Stored 6 mo. room temp. 30 | 33 
S. typhosa Kansali | 

Freshly made 30 27 
S. typhosa Oxford H-901 

Freshly made vaccine 29 45 
S. typhosa Vi I (W form) 

Freshly made 22 27 
Commercial TAB 

Within expiration date 47 45 

Six months beyond expired date 32 28 
S. gallinarum 

Freshly made 40 30 
Salmonella sp. Type Ballerup 

Freshly made 20 55 
Controls 40 7.3 
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The results are shown in Table III. The degree of protection resulting from 
injection of the freshly prepared vaccines are similar to those obtained in the 
previous test. The four vaccines prepared from Vi strains of typhoid bacilli 
protected 89 to 91% of the mice against a challenging dose from which only 
7.5% of unvaccinated controls survived. Salmonella sp. Type Ballerup 
vaccine, which contains Vi antigen as the only antigen common with those of 
virulent typhoid bacilli, protected 55% of mice. In contrast, similarly 
prepared vaccines from three W types of S. typhosa, strains lacking the Vi 
antigen, protected 27 to 45% of mice. A freshly made commercial TAB 
vaccine made from the Rawlings strain, also without Vi antigen, protected 
45% of mice. Vaccines prepared from S. gallinarum, which possesses antigens 
IX and XII but lack Vi gave about the same protection as vaccines prepared 
from non-Vi-containing typhoid organisms. In the nonvaccinated control 
mice 7.5% survived the challenging dose. 

It seems apparent from these results that, while vaccines prepared from 
non-Vi-containing strains of typhoid bacilli provide a moderately high level 
of protection against virulent typhoid cultures, vaccines prepared from four 
different Vi strains of typhoid bacilli all gave very much higher levels of 
protection against the same virulent typhoid bacilli. 


4. Stability of Vi Antigens 

In order to test the stability of the Vi antigen the vaccines prepared from 
the four Vi strains mentioned in Table III, S. typhosa Vi I, Whitney, Type A, 
and U.S. Army No. 58, were held for six months at room temperature and a 
Vi I preparation was held for two years in a cold room at 4° to 6° C. 

Mice were given a single immunizing dose of 0.5 ml. of these aged vaccines 
in the same manner as the previous series treated with freshly prepared 
vaccines. Seven days after the immunizing dose they were challenged with 
0.5 ml. of a similar culture of S. typhosa E, as was used in the previous series. 
The results shown in Table III, in contrast with the results from the use of 
freshly made vaccines, indicate that there was a small loss in immunizing 
properties in the case of the Vi I vaccine stored at room temperature for six 
months and a small further loss on two years’ storage at 4° to 6° C. In sharp 
contrast the remaining three vaccines prepared from Whitney, Type A, and 
U.S. Army No. 58 lost much of their immunizing property and produced an 
immunity level comparable with that following immunization with vaccines 
prepared from non-Vi strains of the typhoid bacillus. 

Slide agglutination reactions carried out on the aged vaccines with standard 
monovalent sera (see Table I) indicated that the Vi I vaccine after six months 
at room temperature and after two years at 4° to 6°C. gave strong reactions 
for Vi antigen. The vaccines prepared from the remaining three Vi strains, 
Whitney, Type A, and U.S. Army 58, after six months storage at room tem- 
perature had completely lost the Vi antigen in so far as it could be detected by 
slide agglutination reactions. 
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It seems apparent from these results that high immunizing potency of a 
typhoid vaccine is associated with the presence of the Vi antigen. Decrease 
in immunizing potency on storage is apparently related to disintegration or 
loss of the Vi antigen. In this respect, however, the Vi I strain stands out in 
sharp contrast to three other Vi strains in that its Vi antigen is much more 
stable when suspended in 0.3% formalized saline. 


5. Thermostability of the Vi Antigen 

The thermostability of vaccines prepared as described in the previous 
sections was examined. Three Vi strains of S. typhosa, Vi I, Q 58, and U.S. 
Army No. 58, were grown for 24 hr. on fresh veal infusion agar and suspended 
in 0.3% formalin and adjusted to a concentration of 1 X 10° organisms per 
milliliter as described in the previous sections. One portion of each suspension 
was then heated to 60° C. for one hour and a second portion at 100° for one 
hour. 

Mice were immunized with a single intraperitoneal dose of 0.5 ml. of each 
vaccine, heated at 60° and at 100°. Seven days later they were all challenged 
with 0.5 ml. of an 18 hr. veal broth culture of S. typhosa E,;. The results are 
shown in Table IV. Though this is a similar culture to that mentioned in 
earlier tables the 18 hr. culture was more virulent than the previously used 
24 hr. culture. In this instance no untreated control mice survived, whereas 
with the 24 hr. culture 7.5% survived. 

In mice receiving the 60° C. heated vaccines the survival rate was 75 to 80%, 
Table IV. This is a slightly lower survival rate than in mice immunized with 
similar vaccines but challenged with the less virulent S. typhosa E; culture 
(Table III). 


TABLE IV 


TTHERMOSTABILITY OF TYPHOID VACCINES PREPARED AS IN THE PREVIOUS SERIES WERE HEATED 
To 60° AND 100° C. FOR ONE HOUR. MICE WERE GIVEN ONE DOSE OF VACCINE AND 
SEVEN DAYS LATER CHALLENGED WITH 0.5 ML. OF AN 18 HR. CULTURE OF S. typhosa E; 














NI : Agglutination 
Vaccine poy poste 
pasties Vi IX XII d 
S. typhosa Vi 1 
60°, 1-hr. 20 » i44H — on -~ 
100°, 1 hr. 20 65 ++++ a= — a 
S. typhosa Q 58 
60°, 1 hr. 20 75 ++++ -— — 
100°, 1 hr. 20 35 +++ + oe dai 
S. typhosa U.S. Army 58 
60°, 1 hr. 15 75 ++ +++ | +++ ++ 
100°, 1 hr. 5 20 — +4$4+4+)/4+4+4++ ns 
Controls 20 0 
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In the case of mice immunized with the 100° C. heated vaccines (Table IV), 
the survival rate varies conspicuously with the strain used in preparing the 
vaccine. With the Vi I strain the survival rate fell from 80% with the 
60° C. vaccine to 65% with the 100°C. vaccine. Antigenic analysis indi- 
cated that in both the 60° and 100°C heated vaccines the Vi antigen was 
intact and the O antigens were masked. With the 58 Q strain there was a 
more conspicuous decrease in efficiency of the 100° C. vaccine though the Vi 
antigen was still detectable. In the case of the U.S. Army 58 strain 100° C. 
for one hour destroyed the Vi antigen as far as could be detected by antigenic 
analysis and the immunizing efficiency appeared to fall to a low level though 
the number of mice tested was too small for the result to be conclusive. 

As shown in a previous section the Vi antigen of the Vi I strain is more stable 
in a vaccine aged for six months at room temperature than the Vi antigen in 
other strains examined. These results appear to indicate that the Vi antigen 
of the Vi I strain has a greater thermostability than those of the other strains 
examined. 


6. Passive Typhoid Immunity in Mice 


Felix and Bhatnagar (5), Felix and Pitt (6 and 7), and Bhatnagar (1), have 
shown that the serum of rabbits immunized with Vi strains of S. typhosa 
contains Vi antibodies which will produce passive immunity in mice while the 
serum of rabbits immunized against non-Vi strains fails to provide significant 
passive immunity. 

A series of rabbits were immunized with four graded doses of vaccines. 
The vaccines were the same as those used in active immunization of mice. 
Three made from Vi strains and from a non-Vi, Oxford H-901 were killed by 
suspension in 0.3% formalized saline. A fifth vaccine made from S. typhosa 
Kansali was heated for two hours on a boiling water bath. A final group of 
rabbits were immunized with a commercial TAB vaccine adjusted to the 
opacity of the other vaccines and used in similar doses. 


TABLE V 


PASSIVE IMMUNITY IN MICE. MICE WERE INJECTED INTRAPERITONEALLY WITH 0.05 ML. 
AMOUNTS OF ANTISERUM AND 1 HR. LATER CHALLENGED WITH 0.5 ML. OF A 24 HR. FRESH 
VEAL INFUSION BROTH CULTURE OF S. typhi E, (Vi STRAIN) 














—— No. mice Per cent 
: , challenged survivors 
Rabbits immunized with formalin treated vaccines 
S. typhosa Vi I 30 68 
S. typhosa Q 58 22 64 
S. sp. Type Ballerup 20 60 
S. typhosa Oxford H-901 20 15 
Rabbits immunized with TAB vaccine commercial 30 47 
Rabbits immunized with vaccine boiled 2 hr. 
S. typhosa Kansali 20 5 
Nontreated controls 30 3 
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The sera of the rabbits immunized with the three Vi strains gave high Vi, 
IX, and XII antibody titers. Sera of rabbits immunized with the non-Vi 
strain and TAB vaccine gave high IX and XII antibody titers but they gave 
no reaction for Vi antibody. 

Mice were given a single 0.5 ml. intraperitoneal injection of the sera. One 
hour later they were challenged with 0.5 ml. of a 24 hr. veal infusion broth 
culture of S. typhosa E; , containing 2 X 10® viable organisms per milliliter. 

The results are shown in Table V. The sera of rabbits immunized with Vi 
strain vaccines, S. typhosa Vi I, Q 58, and S. sp. Type Ballerup, gave the 
highest levels of passive immunity; 60 to 68% of the mice survived. Sera of 
rabbits immunized with S. typhosa Oxford H-901, Kansali, and TAB vaccines 
were without Vi antibodies and gave significantly lower levels of passive 
immunity; 5 to 47% of the mice survived. 


7. Mouse Protection Tests 


Four of the antisera described in the preceding section were used in mouse 
protection tests. Equal volumes of sera and a 24 hr. fresh veal infusion 
culture of S. typhosa Vi I, containing 2 X 10* cells per milliliter, were well 
mixed and incubated for one hour in a water bath at 37°C. One-milliliter 
amounts of the incubated mixture of sera and culture were then injected intra- 
peritoneally into 25 gm. mice. 

The results shown in Table VI indicate that the sera of rabbits immunized 
with S. typhosa Vi or S. sp. Type Ballerup, Vi strain vaccine protected 90 to 
93% of mice. The sera of rabbits immunized with the S. sp. Type Ballerup, 
which contains only the Vi antigen in common with typhoid organism, provided 
the same level of protection as the serum of rabbits immunized with vaccine 
made from S. typhosa containing Vi, IX, and XII antigens. The non-Vi 
Oxford H-901 and Kansali antisera, which gave low levels of passive immunity, 
show moderate mouse protection reactions. The non-Vi antisera, however, 
give much lower protection levels than the Vi antisera. 


TABLE VI 


MOUSE PROTECTION TESTS. MICE INJECTED WITH 0.5 ML. OF A 24 HR. CULTURE S. typhosa 
Vi I WHICH HAD BEEN INCUBATED ONE HOUR WITH IMMUNE RABBIT SERUM 











Riis ania No. mice Per cent 
challenged survival 
Rabbits immunized with vaccines, killed in 0.3% formalin 
S. typhosa Vi I 30 93 
S. sp. Type Ballerup 30 90 
S. typhosa Oxford H-901 19 68 
Rabbits immunized with vaccines heated 2 hr. at 100° C. in 
0.3% formalin 
S. typhosa Kansali 20 25 
Controls 30 7 
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8. Extraction of Vi Antigen 


As noted in the introduction both O and Vi antigens have been extracted 
from typhoid bacilli. The protective action of such extracts was recently 
reviewed by Waters and Maloney (15). However, since in their experimental 
work the latter authors used a “rejuvenated Rawling’s strain” they were 
probably not dealing with Vi antigen. 

After testing a variety of extraction procedures the following was found 
to yield a reasonably satisfactory preparation of the Vi antigen. A heavy 
24-hr. fresh veal infusion agar growth of S. typhosa Vi I was suspended in 
0.08 N hydrochloric acid and heated in a water bath at 50° C. for one hour. 
Normal sodium hydroxide was added to bring the suspension to pH 9.8. 
The alkaline suspension was centrifuged at high speed, the cell-free super- 
natant was removed and adjusted to pH 6.2 with N hydrochloric acid. An 
equal volume of acetone was added with constant stirring. The resulting 
feathery precipitate was collected by centrifuging at high speed and the 
supernatant discarded. The precipitate was then suspended in 0.3% formalin 
in saline and diluted to an opacity equal to that of a 5 X 10° suspension of 
typhoid bacilli. 

This colloidal suspension was precipitated with monovalent Vi serum and 
to a lesser degree with IX and XII sera. It was therefore concluded that the 
extract was rich in Vi antigen and contained lesser amounts of IX and XII 
antigen. 

This colloidal preparation with an opacity equal to that of a5 X 10* suspen- 
sion of typhoid bacilli was used to immunize mice. A single immunizing dose 
of 0.5 ml. was injected intraperitoneally. There was no indication that this 
dose of the material was toxic. Seven days later the animals were challenged 
with 0.5 ml. of a 24 hr. veal infusion broth culture of S. typhosa E, as used in 
the previous series. As indicated in Table VII a high level of protection was 
reached, 95% of the mice survived a dose of virulent typhoid bacilli from 
which 7.5% of nonimmunized mice survived. 

TABLE VII 
IMMUNIZING VALUE OF VI EXTRACT OF S. typhosa. MICE WERE GIVEN ONE DOSE OF THE 


EXTRACT AND CHALLENGED SEVEN DAYS LATER WITH 0.5 ML. OF A 24 HR. 
CULTURE OF S. typhosa E, 

















oe r : Per cent 
Immunizing agent No. mice curvivess 
Acid extracted Vi antigen 21 95 
Controis, not immunized 40 7.5 
Discussion 


The data presented in this paper are in agreement with much previous 
evidence that strains of typhoid bacilli containing the Vi antigen are more 
virulent than strains lacking this antigen. 
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It is also apparent from these results that vaccines prepared from Vi strains, 
prepared in such a way that the Vi antigen is preserved in active form, produce 
a higher level of active immunity in mice than vaccines prepared from non-Vi 
strains. Aging in storage or heat treatment, which destroys or inactivates the 
Vi antigens, reduces the immunizing potential of vaccines prepared from Vi 
strains to the level of those prepared from non-Vi strains. It is shown, 
however, that the Vi antigen of some strains of typhoid bacilli is more stable 
to heat and to aging in stored vaccines than the Vi antigen of other strains. 
Of the four Vi stains used in the preparation of vaccines, S. typhosa Vi I 
vaccine when freshly made as an unheated vaccine, killed by formalin or 
heated to 60° C., was not significantly superior to those prepared from other 
Vi strains in terms of the active immunity produced in mice. But after six 
months storage at room temperature, or after heating to 100° C., the Vi I 
vaccine produced a much higher level of active immunity than similarly 
treated vaccines prepared from other Vistrains. The fact that in the aged and 
100° C.-heated Vi I vaccine antigenic analysis indicates that the Vi antigen 
is still intact, while in similarly aged or heated vaccines made from other Vi 
strains the Vi antigen is greatly diminished or entirely lost, suggests that the 
greater stability of the Vi I vaccine is a function of this particular Vi antigen. 
There is no evidence at hand to account for this apparent difference in stability 
of Vi antigens. It may of course be due to some difference in chemical 
structure or it may result from some secondary factor or factors in the Vi I 
vaccine which has a favorable influence on the Vi antigen stability. 

The high immunizing potential of Vi strain vaccines as compared with those 
made from non-Vi strains was further demonstrated in mouse protection and 
passive immunization tests. Rabbits immunized with Vi strain vaccines 
produced sera rich in Vi, IX, and XII antibodies. These sera produced high 
levels of protection and passive immunity. Rabbits immunized with non-Vi 
vaccines produced sera rich in 1X and XII antibodies but without Vi antibodies. 
These sera afforded little protection or passive immunity in mice. 

Finally an acid extract of Vi strain organisms containing relatively high 
concentration of Vi antigen and lower concentration of [X and XII antigens 
produced a high level of active immunity in mice. 
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THE RELATIONSHIP OF DIETARY FACTORS TO RAT SERUM 
ALKALINE PHOSPHATASE 


IV. THE EFFECT OF DIETARY OXALATE! 


By JuLes Tusa, Kazie A. SttucH, MARGARET I. ROBINSON, AND 
NEIL B. MADSEN 


Abstract 


Increased levels of serum alkaline phosphatase were produced in growing rats 
by diets low in calcium or by the addition of sodium oxalate or rhubarb to diets 
containing adequate amounts of calcium. In addition, variations from normal 
in levels of serum phosphorus, calcium, and magnesium, as well as the ash of the 
tibiae, indicate that the animals were rachitic. ~The amount of calcium retained 
in the bodies of animals maintained on a diet containing rhubarb, which has a 
high oxalate content, were very much lower than in growing rats fed a normal 
calcium diet. 


Introduction 


Robison was the first to link bone alkaline phosphatase activity with en- 
dochondral calcification (7, 20). The role of this enzyme in bone formation 
has been more clearly elucidated by the recent work of Follis (10), Neuman, 
DiStefano, and Mulryan (19), and Waldman (27). Follis also observed that 
in the rachitic rat the cartilage is rich in phosphatase. 

Serum alkaline phosphatase activity is increased during the development 
of rickets and there has been speculation as to the source of the abnormal 
excess of the enzyme. Folley and Kay (9) have pointed out that the in- 
creased phosphatase activity associated with growing bone is reflected in high 
serum phosphatase levels in the young. In addition, Bodansky (2) has 
concluded that the levels of the serum enzyme in various diseases are associated 
with alterations in the alkaline phosphatase concentration in the organs 
affected. _Motzok (17) has provided evidence that the elevated serum alkaline 
phosphatase level of rachitic chicks is of skeletal origin. 

Recent work in this laboratory on the effect of dietary factors on serum 
alkaline phosphatase in rats (24, 25, 26), was extended to include a study of 
the effect of dietary oxalate on the enzyme. The animals were fed diets 
containing oxalate as the sodium salt or as dried rhubarb, in which oxalic 
acid is present in large concentrations. It has been shown that oxalates in 
food interfere with assimilation of calcium (5, 14, 15). Low calcium retention 
by the animal body has been attributed to the oxalate content of dietary 
spinach (8, 23). In our experiments, the interference with calcium metabol- 
ism resulted in rickets and corresponding changes in the serum alkaline 
phosphatase. 


1 Manuscript received August 6, 1952. 


Contribution from the Department of Biochemistry, University of Alberta, Edmonton, 
Alberta, with financial assistance from the National Research Council, Ottawa, Canada. 
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Experimental 


_ Twenty-four six-week-old male albino rats were divided into four groups of 
six animals, with an average weight of 133 gm. per group. They were housed 
in individual cages and given food and water ad libitum, and each group was 
maintained on one of the four synthetic diets listed below. 

Diet I was a control diet which contained sufficient calcium for optimal 
growth (6). It contained 68.1% sucrose, 20% casein, 4% Crisco, a hydro- 
genated vegetable fat, 2% cod liver oil, 3.2% calcium lactate, and 2.7% 
calcium-free McCollum’s salt mixture. Furthermore, each kilogram of diet 
contained 10 mgm. thiamine hydrochloride, 10 mgm. pyridoxine hydrochloride, 
10 mgm. niacin, 20 mgm. calcium pantothenate, 20 mgm. riboflavin, and 
1 gm. choline chloride. Analysis of the diet by a standard method (1) indi- 
cated that it contained 0.5% calcium. 

Diet II was identical with Diet I, except that it had a very low calcium 
content, as a result of replacing the calcium lactate with sucrose. Analysis 
proved that this diet contained 0.09% calcium, present chiefly in the casein 
component. 

Diet [TI contained rhubarb, a foodstuff high in oxalate. Dried powdered 
rhubarb petioles made up 15.4% of the diet, replacing an equal weight of 
sucrose. Analysis of the powdered rhubarb by the method of Nelson and 
Mottern (18) showed that the oxalate content was 6.01%: while its calcium 
content was 0.92% (1). Calcium lactate to the extent of 1.4% was also 
added. Otherwise the diet was the same as I. The oxalate content of Diet 
III was 0.95% and the total calcium was 0.50%. 

Diet IV contained oxalate equivalent to the content of Diet III, but in the 
form of the sodium salt. Diet I was modified by replacing an equivalent 
amount of sucrose by 2.3% calcium lactate and 1.5% sodium oxalate. The 
concentrations of oxalate, 0.95%, and of calcium, 0.50%, were equal to those 
in Diet III. 

Assuming that oxalate present in Diets III and IV combined with an equiva- 
lent amount of dietary calcium, it was estimated that there would be an excess 
of 0.07% calcium, approximately the amount present in Diet II. An ad- 
ditional experiment on calcium retention in animals receiving dietary oxalate 
was carried out and is described below under Results. 

Serum inorganic phosphorus and alkaline phosphatase levels were deter- 
mined weekly by the micromethod of Shinowara, Jones, and Reinhart (22), 
as modified by Gould and Schwachman (11). The unit of phosphatase 
activity is defined by Shinowara as “equivalent to 1 mgm. of phosphorus as 
phosphate ion liberated during one hour of incubation at 37°C. with a sub- 
strate containing sodium B-glycerophosphate, hydrolysis not exceeding 10% 
of the substrate; and at optimum pH of the reaction mixture for 
‘alkaline’, 9.3+0.15.” 

The experiment was terminated at the end of six weeks and the animals 
were killed by decapitation. The blood from each animal was collected and 
determinations were made of the serum phosphorus, calcium, and magnesium. 
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Calcium and magnesium were estimated by a modified version of the method 
of Herschfelder and Serles (13). The tibiae were removed from two animals 
in each group. One tibia from each of these animals was used to test the 
extent of calcification by a histochemical method which involved staining the 
bones with silver nitrate (12). The other tibiae were ashed for eight hours at 
750°C. and the weight of the ash was determined in each case. 


Results 


The serum alkaline phosphatase values at two-weekly intervals are given 
in Table I. Diet IV proved to be toxic after four weeks and only two animals 
survived the entire experimental period of six weeks. The average value for 
these two animals is included in the table, but without a standard error of the 
mean. The values at the beginning of the experiment are not significantly 
different from one another. An analysis of variance of the phosphatase values 
obtained during the experiment indicates that the Group I enzyme levels, 
which are in the normal range, are significantly lower than those for the 
animals receiving the other three diets. 


TABLE I 
EFFECT OF DIETARY OXALATE ON SERUM ALKALINE PHOSPHATASE OF GROWING RATS, UNITS 


PER 100 ML. SERUM 
(Each value is the mean of six rats (+ standard error of mean) except as noted) 











Diet 0 time 2 weeks 4 weeks 6 weeks 

I 105 + 4.4 119 + 3.3 98 + 4.4 102 + 6.9 
II 93 + 1.9 158 + 7.6 123 + 9.1 127 + 2.8 
III 106 + 6.2 144 + 7.2 143 + 5.4 13S & 3.2 
IV 109 + 6.2 142 + 5.2 125 + 13.0 129* 

















* Average for two rats. 


The data of Table II indicate the effects of the four diets over the six-week 
test period on the growth of the rats, the ash content of their tibiae, and the 
levels of serum phosphorus, calcium, and magnesium. The animals grew 
at a slower rate on Diets II and III than on Diet I, while the animals on Diet 
IV lost weight during the experiment and four died after the fourth week. 
A paralysis was noted in the legs of all the rats in this group, similar to the 
effect reported by Schmidt and Greenberg (21) in the case of pigs which lacked 
dietary calcium. The toxic effect of the oxalate in Diet III was not so marked, 
presumably because it was not so readily assimilated. An analysis of variance 
on the other data of the table shows that statistically significant differences 
exist between the tibia ash and serum magnesium values for the animals 
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subsisting on Diet I and those receiving the other three diets. Serum phos- 
phorus and calcium in Groups III and IV differ significantly from Group I. 
The ratios of serum calcium, phosphorus, and magnesium in all groups are 
similar to those reported by Brookfield (3). It may be further noted that the 
values for the ash content of the tibiae given in Table II constitute 55% (I), 
48% (11), 40% (III), and 45% (IV) of the wet weight of the tibiae before 
ashing. 
TABLE II 

EFFECT OF DIETARY OXALATE ON BODY WEIGHTS (GM.) (W); ASH CONTENT OF TIBIAE (GM.) 


(T); SERUM PHOSPHORUS (MGM. PER 100 ML. SERUM) (P); SERUM CALCIUM (MGM. PER 100 ML. 
SERUM) (Ca); AND SERUM MAGNESIUM (MGM. PER 100 ML. SERUM) (Mg) 


(Each value is the mean of six rats (+ standard error of mean) except as noted) 























Diet W T P | Ca Mg 
_ Re SA AL a Ts Sates 
I 285 + 6.5 0.22" 9.5 40.2} 12.6 +401] 2.9 + 0.04 
1 225 + 11.9 0.12* 1.0 + 0.5 | 10.9 + 0.1| 3.7 + 0.15 
111 171 + 5.9 0.08* 10.3 + 0.4] 10.3 + 0.5| 3.6 + 0.08 
Iv | 119 ) oa 14.0* | 7.2* 3.9* 








* Average for two rats. 


The data so far presented are indicative of rickets in the animals maintained 
on the low calcium diet and the two oxalate-containing diets, and this is 
further borne out by the silver nitrate staining of the tibiae. These bones 
were fully calcified in the animals receiving adequate dietary calcium. Un- 
calcified zones in the epiphyseal region were detected in the bones from the 
other three groups and this was especially marked with Diets III and IV. 

The amount of calcium retained in the bodies of the animals receiving the 
rhubarb diet (III) was tested separately with 18 young male rats, which were 
divided into three groups, averaging 114 gm. for each group. One group was 
sacrificed at once, and after removal of the intestines the animals were ashed 
at approximately 750°C. The amount of calcium for the animals in this 
group averaged 1.06 gm. The remaining two groups of rats were maintained 
on Diets I and III for seven weeks. The average terminal weights were 251 
gm. (I) and 223 gm. (III). The calcium content of their carcasses was then 
determined as for the first group and the average values were 2.4 gm. and 
1.28 gm. respectively. Hence the amount of calcium retained in the bodies 
of growing rats in the presence of dietary oxalate was reduced to a very low 
level (0.22 gm.) as compared to 1.43 gm. on a normal calcium diet. The 
retained calcium constituted 0.98% of the increase in body weight during 
the experiment for Group I, and 0.20% for Group III. 
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Discussion 


The results presented above appear to justify the conclusion that rickets 
was produced in growing rats by maintaining them on low dietary calcium or by 
reducing the available dietary calcium by including oxalate in the regimen. 
Oxalate in common foods such as rhubarb may not be quite as effective as an 
equivalent amount of sodium oxalate added to the diet, depending on the 
amount which can be readily assimilated from the gastrointestinal tract. It 
would seem that diets containing oxalate in appreciable amounts may, under 
certain conditions, markedly affect the assimilation of dietary calcium. 

The statistically significant increases in serum phosphatase reported in 
Table I for Diets II, III, and IV, and which are a characteristic feature of 
rickets, probably originate largely in bone. Cantor, Wight, and Tuba (4) 
and Tuba and Madsen (25) have presented evidence for a positive correlation 
between food consumption and the levels of the serum enzyme. A high 
correlation was found to exist between serum alkaline phosphatase activity 
and daily food consumption of the animals subsisting on Diet I. The value 
of ris 0.925. The consumption by the other three groups was below normal 
and no correlation was found with enzyme levels, and this minimizes the con- 
tribution of the intestinal mucosa (16) to the total alkaline phosphatase of 
the serum. The importance of the contribution of other tissues, including 
bone, has therefore -been increased. 
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A STUDY OF THE PHARMACOLOGICAL PROPERTIES Of THE 
INSECTICIDE ALDRIN 


(HEXACHLOROHEXAH YDRODIMETHANONA PHTHALENE)! 


By C. W. Gowpey, A. R. Granam, J. J. SEGuin, G. W. STAVRAKY, AND 
R. A. Waup 


Abstract 


The effects of Aldrin were studied in acute experiments on cats, dogs, guinea 
pigs, rabbits, and frogs; im vitro experiments with Aldrin on strips of guinea 
pig and rabbit intestine and uierus, and on frog sciatic gastrocnemius prepara- 
tions, were also performed. Aldrin had no effect on isolated tissues, but when 
injected intravenously, intramuscularly, or intra-arterially it caused brady- 
cardia, vasodepression, and miosis, and potentiated the effect of vagal stimulation 
on the heart; increased secretory and vasodilator effects of chorda tympani 
stimulation on the submaxillary salivary gland; and potentiated the effects 
of acetylcholine. In appropriate quantities it also increased intestinal motility, 
while in excessive amounts it caused the opposite effect. Both atropine and 
sodium pentobarbital antagonized some of the effects of Aldrin on the para- 
sympathetic system. 

Introduced into the lymph sac of frogs and intra-arterially into the spinal 
cord of spinal or decerebrate cats, Aldrin caused convulsive twitches and in 
the latter preparation augmented reflex excitability of the spinal cord. It 
also increased markedly the excitability of spinal centers to acetylcholine and to 
metrazol. Aldrin evoked a series of twitches in the denervated striated muscles 
ef the cat, and increased the muscular contractions induced by acetylcholine 
or by electrical stimulation of the motor nerve. Repeated administration of 
Aldrin depressed the excitability of the spinal cord and neuromuscular trans- 
mission. Although Aldrin is very similiar in action to the known anticholine- 
sterases, its toxic effects may be due to some quite different properties. 


Introduction 


Aldrin (Compound 118 or Octalene) is a new insecticide with the chemical 
formula hexachlorohexahydrodimethanonaphthalene. It is a white crystalline 
substance, insoluble in water, moderately soluble in ethanol and most fat 
solvents. Agricultural pesticides can be divided with regard to their pharma- 
cological and toxicological effects into three classes: (i) inorganic insecticides 
(e.g. calcium arsenate), (ii) organic phosphates (e.g. Parathion), and (iii) 
the chlorinated hydrocarbons (e.g. Aldrin). Any insecticide can be expected 
to produce some type of toxic physiological response in the higher mammals 
and man. Several of the inorganic compounds owe their biological activity 
to their arsenic content. The action of the organic phosphates is primarily 
due to the fact that they are powerful anticholinesterases. Less well studied 
is the chlorinated hydrocarbon group which includes such compounds as 
Aldrin, Dieldrin, Lindane, Toxaphene, DDT, and Chlordane. From the 
literature it appears that these chlorinated compounds have qualitatively 
similar physiological effects, but that quantitative differences exist between 


1 Manuscript received May 30, 1952. 
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various members of the group. Little is known about the detoxication 
mechanisms and the influence of nutrition on the susceptibility or resistance 
of various animal species to poisoning by these compounds, and practically 
nothing is known about their effects on enzyme systems (3). 


Absorption 


The chlorinated hydrocarbons are absorbed in three main ways: (i) from 
the gastrointestinal tract: the presence of fat or other lipoids facilitates pene- 
tration of the intestinal barrier. They are also absorbed (ii) from the skin, 
whether in the form of dusts or as solutions in petroleum solvents. Aldrin 
was said to be much more toxic when applied to the skin than when taken 
orally (9). Later work (6) cast considerable doubt on this contention. 
Finally, chlorinated hydrocarbons may be absorbed (iii) from the respiratory 
tract. Little quantitative information is available, however, about the latter 
route, where such variables as particle size and the presence of absorbable 
vehicles modifies the effect. 

The chlerinated hydrocarbons have been found in the blood, liver, spleen, 
adrenal glands, muscles, brain, kidney, and in the fat depots of various ani- 
mals (3). Storage occurs in the body fat at all levels of ingestion, and the 
compounds are mobilized when sudden losses of fat occur. 


Pharmacological and Pathological Effects 


Aldrin, like the other chlorinated hydrocirbons causes gastrointestinal 
distress, vomiting, diarrhea, in-co-ordination, hypersensitivity to external 
stimuli, leg weakness, convulsions, and death (7). Chronic feeding experi- 
ments with rats (5) and rabbits (7) showed (12) that Aldrin and related 
chlorinated hydrocarbons produced degenerative changes in the liver, kidney, 
and brain, and often pulmonary congestion and oedema. From Borgmann’s 
data (quoted in (7) ) the single oral LDs of Aldrin for dogs is 95-105 
mgm. per kgm. Dogs given 100 mgm. per day had convulsions which could 
be relieved by barbiturates. In large animals such as cattle, hogs, sheep, 
and goats, neurological disorders (in-co-ordination, hyperirritability, and 
convulsions), liver and kidney damage, and subserosal haemorrhages were 
observed after the feeding of Aldrin or other related chlorinated hydro- 
carbons (2) (8) (10). In a study of 22 industrial workers exposed to the 
insecticides, Aldrin, Dieldrin, and Chlordane, no measurable deleterious 
effects were observed even though the workers had been subjected to concen- 
trations above 5 mgm. per cubic meter of air for one to three years (11). 
One patient has been reported (7) to have survived the ingestion of 1-8 gm. of 
Aldrin. 

The Committee on Pesticides of the Council of Pharmacy and Chemistry 
reported (3) that no specific antidote to these insecticides has been found. 
The effects on the central nervous system can be antagonized by barbiturates, 
and phenobarbital seems to be the best. It would appear that this is related 
to the action of phenobarbital in depressing both the motor and sensory 
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cortex. Pentobarbital may be necessary to control violent convulsive seizures. 
Adrenaline must not be used because of the danger of precipitating fatal 
ventricular fibrillation. 

No systematic detailed study, so far as we know, of the pharmacological 
action of Aldrin has yet been attempted. For this reason, it was decided to 
study the effects of Aldrin on various isolated organs, such as the salivary 
gland, and on skeletal muscles, as well as on the circulatory, autonomic, and 
central nervous systems. These studies brought out. the interesting fact 
that Aldrin, although quite different chemically from physostigmine, neostig- 
mine, and DFP, behaves as an anticholinesterase compound. 


Experimental Methods 


This research was done using 27 cats, 6 guinea pigs, 8 rabbits, 14 frogs, 
and 2 dogs as experimental animals, as well as various isolated strips of smooth 
muscie obtained from rabbits and guinea pigs. The experiments on the 
circulatory system and on the salivary glands were carried out in animals 
anaesthetized with a mixture of chloralose (50 mgm. per kgm.) and urethane 
(500 mgm. per kgm.) or with pentobarbital sodium (Nembutal-Abbot), 
0.5 ml. per kgm. Intestinal motility was also studied under nembutal anaes- 
thesia. The actions of Aldrin on the central nervous system and on the 
striated muscles were observed in spinal and decerebrate cats, on cats 
anaesthetized with chloralose-urethane, and on intact frogs. Several 
different techniques have been used. 

In a series of experiments in which the effects of Aldrin were studied on the 
isolated salivary gland, the animals were tracheotomized, the duct of the sub- 
maxillary salivary gland was cannulated, and the chorda tympani nerve and 
the cervical sympathetic nerve were severed in the neck. In these experi- 
ments the submaxillary vein was also isolated and the blood flow through the 
gland was recorded. 

The effect of Aldrin on the circulatory system was studied by means of 
kymographic tracings of direct blood pressure recordings (with a mercury 
manometer) in combination with the measurement of the blood flow through 
isolated organs by means of electronic drop-recorders. 

The effects of Aldrin on the autonomic nervous system were demonstrated 
by means of stimulation of the chorda tympani in the case of the submaxillary 
gland, and by means of stimulation of the vagus nerve to the heart. The 
cardiovascular and secretory effects of intravenous injections of acetylcholine 
were also compared before and after the administration of Aldrin. 

Intestinal motility was recorded in situ with a modification of Barbour’s 
technique in the rabbit (1), and by means of a balloon placed into the duo- 
denum in the cat. 

In vitro experiments were done with isolated guinea pig and rabbit ileum, 
guinea pig and rabbit uterus, and rabbit duodenum. In all of the latter 
experiments the tissues were removed from freshly-killed animals and strips 
were suspended in aerated Tyrode’s or Locke—Ringer solution at 37°C., with 
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the exception of the rabbit duodenum which was kept at 34°C. The move- 
ments of the smooth-muscle strip were recorded in the usual way with an iso- 
tonic lever and a kymograph. Aldrin was usually dissolved in ethanol and 
added to the bath; in a few experiments, however, Aldrin was added in 
a solution-suspension in rabbit plasma. Also the effect of Aldrin on the con- 
tractions of the sciatic nerve — gastrocnemius muscle preparation of the frog 
was recorded in a moist chamber. 

To analyze the effects of Aldrin on the central nervous system and on the 
striated muscles, the quadriceps was isolated on one or both lower extremities 
and recordings from it were made by means of isotonic levers. The reflex 
activity of the spinal cord was tested by means of electric stimulation of the 
central end of the peroneo-popliteal nerve, or of the sciatic nerve, thus 
eliciting a crossed extensor reflex. The excitability of the spinal neurones 
was studied directly by means of intra-arterial injections of acetylcholine or 
pentylenetetrazole (metrazol) into the spinal cord. 

The direct effect of Aldrin injected intra-arterially on the quadriceps muscle 
was studied after section of the femoral nerve. The cat sciatic-gastrocnemius 
preparation was also used to measure the action of Aldrin on the neuro- 
muscular junction. Chloralose—-urethane anaesthesia was used. The left 
tendon of Achilles was freed and wired to an isometric lever; the sciatic 
nerve was cut and tke peripheral end stimulated electrically at various 
frequencies. Injections were made intra-arterially through a cannula, point- 
ing towards the aorta, tied into the right common iliac artery just below the 
bifurcation. The blood pressure was recorded from a carotid artery. Aldrin 
—95% pure hexachlorohexahydrodimethanonaphthalene (technical Octalene, 
Julius Hyman & Co.)—was dissolved in 95% ethanol (concentration 20 mgm. 
per ml.) and injected in volumes of less than 1 ml. In all of the experiments 
equivalent volumes of ethanol were injected as controls. No measurable 
effects were observed with the control injections. Aldrin was injected intra- 
arterially into the spinal cord, the salivary gland, and the gastrocnemius 
and quadriceps muscles. Control injections were made intravenously or 
intramuscularly in various experiments. 

Acetylcholine bromide (Eastman-Kodak) was injected either intravenously 
into the general circulation or intra-arterially into isolated organs. Electrical 
stimulations of the various nerves were carried out by means of a Palmer 
induction coil or by a square-wave electronic stimulator. 


Results 


(a) The Effects of Aldrin on the Circulatory System 

Injected intramuscularly in quantities of 20 to 40 mgm., Aldrin had practi- 
cally no effect upon the blood pressure, the heart rate, or the respiratory move- 
ments of the animal. As seen in Fig. 1 in a cat under chloralose and urethane 
anaesthesia, electrical stimulation of the left vagus nerve in the neck with a coil 
distance of 25 cm. produced, prior to the administration of Aldrin, a very 
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transient inhibition of the heart rate, while a coil distance of 26 cm. was 
completely ineffective. After an intramuscular injection of 20 mgm. Aldrin, 
similar stimulations of the vagus nerve caused a progressively more marked 
slowing of the heart. This effect of a single intramuscular injection lasted 
over a period of more than an hour, when an injection of 4 mgm. of atropire 
sulphate completely abolished the effect of vagal stimulation. 

In another experiment shown in Fig. 2 under similar experimental conditions, 
the effect of a small quantity of acetylcholine (0.1 ugm.) on the blood pressure 
was studied in a cat under chloralose and urethane anaesthesia. In this 
experiment 4 mgm. of Aldrin was injected intravenously and produced a 
marked lowering of blood pressure and a slowing of the heart. Repetition of 
the injection of acetylcholine (0.1 ugm.) soon after the administration of 
Aldrin, resulted in a more prolonged lowering of the blood pressure by acetyl- 
choline than that which took place before the administration of Aldrin. 
When injected intravenously, Aldrin had a much more pronounced action, 
not only by itself, but also upon the effects of stimulation of the vagus nerve. 
In Fig. 3 such an effect can be seen. In this experiment, carried out in a 
cat under nembutal anaesthesia, after two previous injections of 4 mgm. of 
Aldrin, a third injection of 4 mgm. produced a lowering of blood pressure and 
a slight slowing of the heart, this taking place coincidentally with a period 
of deep and rapid respiration. At this time, after the third dose of Aldrin, a 
minimal stimulation of the vagus nerve was carried out; such a minimal 
stimulation after the previous doses of Aldrin had produced only a slight 
slowing of the heart. The stimulation of the vagus nerve repeated just 
after the third injection of Aldrin produced a much more marked slowing 
of the heart, which persisted for over two minutes after the end of the stimula- 
tion. A repetition of the stimulation of the vagus nerve 6.5 min. later, 
8 min. following the Aldrin, when the immediate effect of Aldrin had sub- 
sided, produced once more a transient and much less pronounced slowing of 
the heart. 

A similar experiment was performed with acetylcholine. As shown in Fig. 4, 
an injection of 4 mgm. of Aldrin produced, under nembutal anaesthesia, almost 
no lowering of the blood pressure and had very little effect upon the heart 
rate. When 10- yugm. of acetylcholine was injected, in conjunction with 
4 mgm. of Aldrin, it produced a marked slowing of the heart which lasted 
for nine minutes. All these effects of Aldrin upon the response of the heart 
to vagal stimulation and to injections of acetylcholine were abolished by 
atropinization. 

When a critical quantity of Aldrin had been injected, the blood pressure 
suddenly started dropping, the contractions of the heart began to weaken, 
and the animal died. This irreversible effect of the last injection of Aldrin 
upon the circulatory system could not be relieved by subsequent atropiniza- 
tion. As a rule, cats tolerated about 18 to 24 mgm. Aldrin in alcoholic 
solution injected intravenously in small doses, and somewhat larger quantities 
of Aldrin injected intra-arterially or intramuscularly. 
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(b) The Effect of Aldrin on the Submaxillary Salivary Gland 


When the effect of Aldrin was studied on the submaxillary salivary gland, 
both in the cat and in the dog, the potentiation of the effects of stimulation 
of the chorda tympani and of injections of acetylcholine produced similar 
results. These results clearly indicated that Aldrin potentiated the effects 
of parasympathetic stimulation. As can be seen in Fig. 5 in a cat under 
nembutal anaesthesia, stimulation of the chorda tympani with a current 
intensity of 5 v., frequency of 35 per sec., and duration of one millisecond 
with a square-wave stimulator, caused the secretion of one drop of saliva and 
a very insignificant vasodilatation in the submaxillary gland. Four and a 
half minutes after the intravenous injection of 4 mgm. of Aldrin, repetition 
of the same stimulation caused a much greater vasodilatation and doubled 
the quantity of salivary secretion. In Fig. 6 it can be seen that the intra- 
venous injection of 50 ywgm. of acetylcholine caused the secretion of two 
drops of saliva. After 4 mgm. of Aldrin was injected intravenously, a similar 
injection of 50 ugm. of acetylcholine caused the secretion of four drops of saliva 
instead of the two drops secreted previously. In this tracing a greater effect 
of acetylcholine on the heart rate can also be seen. While prior to the 
administration of Aldrin, 50 ugm. of acetylcholine produced only a very insigni- 
ficant slowing of the heart, after Aldrin the same quantity of acetylcholine 
caused almost complete stoppage of the heart. At the height of the activity 
of acetylcholine thee can be seen a diminution of the blood flow through the 
submaxillary gland, this taking place in the middle of the vasodilatation, 
which is the characteristic response to acetylcholine as seen in the tracing 
obtained before the injection of Aldrin (Fig. 6). 


In one experiment, in a dog (Fig. 7), very large quantities of acetylcholine 
were injected through the lingual artery directly into the submaxillary 
salivary gland. As a result of this prolonged and excessive administration of 
acetylcholine the salivary gland apparently was poisoned and it became quite 
refractory to further injections of acetylcholine. When Aldrin was injected 
into this animal an immediate restoration of the secretory and vasodilator 
response of the salivary gland to acetylcholine resulted. 


(c) Effects of Aldrin on Isolated Intestine and Uterus and on Intestinal Motility 
in situ 

Aldrin in concentrations of 1:10,000 to 1:1,000,000 had no appreciable effect 
on the isolated rabbit or guinea pig ileum, nor did it modify the spasms induced 
by acetylcholine, barium chloride, or histamine. Ajdrin did not alter the 
adrenaline-induced inhibitions of the rabbit duodenum. In the isolated 
rabbit jejunum, when heparinized rabbit plasm2 was used as the Aldrin 
vehicle instead of alcohol, Aldrin did seem to increase the amplitude but not 
the rate of contraction. Control administration of rabbit plasma alone, 
however, showed that the Aldrin effect was insignificant. Aldrin did not 
affect the isolated uterus nor modify contractions induced by adrenaline 
or histamine. On the other hand, as seen in Fig. 12, A, when 2.5 mgm. 
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per kgm. Aldrin was injected intravenously into a rabbit, in which the move- 
ments of the small intestine were recorded in situ, an abrupt and very 
pronounced increase of intestinal motility followed. Interestingly, in a cat 
in which under similar conditions a balloon was placed into the duodenum 
the duodenal peristalsis was inhibited by an excessively large quantity of 
Aldrin (7.5 mgm. per kgm.). Simultaneously with this, there occurred a 
marked lowering of blood pressure and slowing of the heart (Fig. 12, B). 


(d) Aldrin on the Eye 


Four milligrams of Aldrin dissolved in a mixture of glycerol and corn oil 
was placed in one eye of a rabbit and the vehicle alone in the other. The 
Aldrin caused marked local irritation and pain, but did not change the pupil 
diameter compared with the control eye. Nor did Aldrin, given intravenously, 
modify the miosis produced by intravenous acetylcholine in the unanaesthe- 
tized rabbit. 

In the decerebrate cat, acetylcholine applied locally to the eye had no 
appreciable effect. Acetylcholine given intravenously in doses of 5 to 40 
gm. produced some muscular twitching and a transient mydriasis in the 
larger doses. Ten milligrams Aldrin, given intravenously, produced extreme 
miosis which lasted for several minutes; it also intensified the decerebrate 
rigidity. Subsequent doses of acetylcholine either had no effect or caused 
transient mydriasis. 


(e) Lack of Acute Toxicity by Aldrin Aerosol 


In technical use the chlorinated hydrocarbons are often accidentally taken 
into the body via the respiratory passages. For this reason the action of an 
Aldrin aerosol was tested for evidence of irritation, toxicity, or production of 
asthmatic attacks. Three guinea pigs were placed in a tight 0.75 cu. ft. box 
and subjected to an aerosol of Aldrin. Aldrin was dissolved in alcohol in a 
concentration of 20 mgm. per ml. and blown into the box through a nebulizer 
witharespirator pump. The Aldrin appeared to have little effect, even though 
300 mgm. were given and the box kept closed for 30 min. Except for some 
signs of irritation there was no evidence of toxicity either immediate or delayed. 
There were no dyspneic or asthmatic signs. 


(f) Effect of Aldrin on the Central Nervous System 


In experiments on intact frogs Aldrin was injected into the ventral lymph 
sac in quantities ranging from 10 to 343 ugm. per kgm. It was found that 
the larger amounts of Aldrin produced convulsions in the frogs after a period 
of two to four hours. The convulsions were relieved by pithing the brain. 
In order to test the effect of Aldrin on the central nervous system, the quad- 
riceps muscles were isolated in spinal and decerebrate cats and recordings 
were made from these muscles by means of isotonic levers. Aldrin was 
injected into the aorta by means of a plastic catheter introduced through the 
subclavian artery, thus allowing the Aldrin to be distributed directly into the 
spinal cord. When injected repeatedly in this manner, in quantities of 
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4 to 8 mgm., Aldrin caused convulsive twitchings in the whole lower part 
of the body on many occasions; these twitches were not due to the effect of 
Aldrin upon the muscles themselves, as they could be obtained after the 
occlusion of the blood supply to the quadriceps muscles by means of clamping 
of the lower portion of the abdominal aorta at the bifurcation of the iliac 
arteries. In Fig. 8, such twitches can be seen; they were produced by the 
intra-arterial introduction of Aldrin into the spinal cord. In this experiment, 
Aldrin was introduced seven times in 4~mgm. quantities into a spinal cat in 
which the contractions were recorded from both quadriceps muscles, the 
left one being denervated at the beginning of the experiment and used as a 
control. The tracing shown in Fig. 8, A represents the fourth injection 
of Aldrin. At this time the clonic contractions of the right quadriceps 
muscle were maximal, and after they subsided some slight rapid twitchings 
developed bilaterally, these latter twitchings being of muscular origin. 
Towards the end of the experiment, owing to a deterioration of the prepara- 
tion, the last three injections of Aldrin became less effective. Fig. 8, B 
represents an injection of 4 mgm. of Aldrin in another experiment in which 
the abdominal aorta was clamped at the bifurcation of the iliac arteries in 
order to exclude any direct effect of Aldrin on the muscles. This was the 
third injection of Aldrin which the animal had received. 

These muscular twitches recorded from the quadriceps muscle were of 
short duration and after they subsided, the crossed extensor reflex could be 
elicited with far weaker currents applied to the sciatic nerve than before the 
injection of Aldrin. This marked potentiation of the crossed extensor reflex 
persisted usually for some time after each injection of Aldrin. It appeared 
either immediately after the injection of Aldrin, or occasionally after a 
transient period of depression following the introduction of the drug and was 
usually elicited a minute or two after the injection of Aldrin. In Fig. 9 an 
example of such a potentiation of the crossed extensor reflex can be seen, 
the tracings being taken from the same experiment from which Fig. 8, A 
was reproduced showing the effect of Aldrin itself. As just stated, in this 
animal Aldrin was injected intra-aortally seven times in 4-mgm. quantities, 
the injections being spaced 2.5 to 4 min. apart. In the intervals between 
the injections the central end of the left sciatic-nerve was stimulated elec- 
trically, by means of an induction coil, approximately one minute after each 
injection of Aldrin, and a crossed extensor reflex was recorded from the right 
quadriceps muscle. The left quadriceps was denervated by means of section 
of the left femoral nerve at the beginning of the experiment and served as a 
control. 

The first administration of Aldrin did not significantly alter the reflex 
excitability of the spinal cord. However, the second injection of Aldrin 
resulted in a marked increase of the reflex excitability, this becoming more and 
more apparent after each successive injection of Aldrin, until after the fourth 
injection, the effect of reflex stimulation became maximal (Fig. 9, A-D). 
After this, further injections of Aldrin seemed to have a deleterious effect 
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on the reflex excitability of the spinal cord (Fig. 9, Z). Towards the end of 
the experiment, injections of Aldrin resulted in prolonged twitches of the 
denervated control quadriceps in the absence of any such contractions on the 
innervated side. This effect of a denervation was observed in three other 
experiments. It appeared as early as two hours after section of the femoral 
nerve and seemed to be a regular and characteristic result of repeated intra- 
aortal injections of Aldrin in spinal cats. When Aldrin was introduced intra- 
aortally into spinal cats, it increased not only the reflex responses in these 
animals, but resulted also in a greater stimulability of the spinal centers by 
means of intra-arterial administration of acetylcholine and of metrazol. 

In Fig. 10, a greatly increased effectiveness of an injection of 0.125 mgm. 
of acetylcholine can be seen after the administration of 8 mgm. of Aldrin. 
As verified in special experiments in which the injections were carried out 
below the spinal arteries, this quantity of acetylcholine was not able to produce 
any effect on the quadiceps muscle itself. Also section of the femoral nerves 
completely abolished the effect of acetylcholine; thus the muscular twitches 
which can be observed in this figure were the result of stimulation of the 
spinal neurones by means of acetylcholine. In other control experiments 
the clamping of the iliac arteries and the resultant diversion of all the blood: 
which carried the acetylcholine to the spinal cord also confirmed the belief 
that the action of acetylcholine in these experiments was on the spinal 
neurones. In Fig. 11, under the influence of Aldrin, a similar augmentation 
of the effect of pentylenetetrazole (metrazol) on the spinal centers can be 
observed. While before the administration of Aldrin the intra-aortal injection 
of 25 mgm. of metrazol resulted only in minimal twitches of the quadriceps 
muscles, after the administration of 8 mgm. of Aldrin in divided intra-aortal 
injections, such a great increase of irritability of the spinal centers resulted 
that a subsequent injection of the same quantity of metrazol resulted in a 
convulsion of the whole lower part of the body of the animal. This was 
recorded in the form of a marked contraction of both quadriceps muscles. 
Again, control experiments with clamping of the iliac arteries and with section 
of the femoral nerves showed that the increased effect of metrazol was due 
to the action on the spinal centers. 


(g) Effect of Aldrin on the Striated Muscle 


Applied locally Aldrin had no effect on the contractions or on the fatigue 
curve of the isolated sciatic-gastrocnemius preparation of the frog. However, 
as shown in Fig. 8, A intra-aortal injections of Aldrin may result in direct 
excitation of the striated muscles in the cat as judged by the twitchings of 
the left quadriceps muscle which had been isolated from the spinal cord by 
section of the femoral nerve. 

This ability of Aldrin to excite directly the striated muscles was greatly 
enhanced by section of the femoral nerve, as seen in Fig. 8, A. Immediately 
after severance of the femoral nerve, the muscular twitches were practically 
equal on the innervated and on the denervated side. As seen in Fig. 9, F, 
two hours after section of the femoral nerve the denervated muscle was already 
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considerably more sensitive to injections of Aldrin than the opposite quad- 
riceps with an intact nerve supply, and responded to an injection of Aldrin 
by a prolonged series of twitches. Aldrin was able, not only t_ stimulate 
the quadriceps muscles directly, but it increased greatly the irritability of the 
muscles to other chemical stimulating agents, such as acetylcholine. Thus, 
as shown in Fig. 13, towards the end of an experiment, both quadriceps 
muscles were isolated by section of the femoral nerves and a contraction 
of these muscles was produced by the direct stimulation of the quadriceps 
by means of the intra-aortal injection of a large quantity of acetylcholine. 
If Fig. 13,A is compared with 13,B it may be observed that 6 mgm. of acetyl- 
choline produced a much larger response when injected one minute after 
the administration of 4 mgm. of Aldrin (this was the seventh injection of Aldrin 
during the experiment). 

In Fig. 14 the effects of Aldrin in the sciatic-gastrocnemius preparation of 
the cat are seen. In the top panels supramaximal stimuli were applied to the 
sciatic nerve at the rate of 13 per minute. Intra-arterial Aldrin in doses of 
0.5 and 1 mgm. did not inhibit the muscular contractions. In the lower 
panels the stimuli were submaximal and at the rate of 40 per minute. Four 
milligrams Aldrin are seen to cause a marked increase in the strength of 
contractions. An injection of 8 mgm. caused a progressive decrease (drum 
stopped at intervals) in amplitude, which could be overcome by increasing 
the strength of stimulus. This 8 mgm. dose followed a total of 9.5 mgm. 
Aldrin given previously in divided doses. The last panel shows the inhibiting 
effects of another Aldrin dose. 


Discussion 

From the experiments presented above, the conclusion may be drawn 
that Aldrin acts as an anticholinesterase when introduced into the circulation 
in appropriate quantities. Thus Aldrin causes a previously subthreshold 
stimulation of the vagus nerve to produce marked cardiac slowing. It 
potentiates and prolongs the cardiac and blood-pressure effects not only of 
a given vagal stimulation, but also of a given dose of acetylcholine. Aldrin 
also augments the secretory and vascular responses of the submaxillary 
salivary gland to chorda tympani stimulation and to acetylcholine. 

That Aldrin showed no evidence of anticholinesterase activity in isolated 
tissues is undoubtedly due to its very low aqueous solubility. This is borne 
out by the fact that when applied to isolated organs such as the mammalian 
intestine and uterus or to the frog’s isolated sciatic gastrocnemius, Aldrin 
was ineffective. When introduced into the blood stream, however, Aldrin 
exerted its characteristic effects on every organ tested. It augmented 
intestinal motility when injected in small quantities intravenously in the 
rabbit and also augmented the contractions of the denervated gastrocnemius 
and of the quadriceps muscles in the cat when it was introduced in small 
amounts intra-arterially. Another instance of such a difference between local 
and parenteral administration of Aldrin was observed in the eye. While local 
applications were ineffective, intravenous injections produced a marked miosis. 
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It is most interesting that in the dog, when the salivary gland was rendered 
refractory to acetylcholine by direct intra-arterial injection of very large 
quantities of this agent, Aldrin restored the sensitivity of the neuroglandular 
apparatus to acetylcholine. This effect cannot be accounted for by the 
anticholinesterase activity of Aldrin. 

Besides the anticholinesterase activity of Aldrin at postganglionic para- 
sympathetic sites, it also potentiated other effects of acetylcholine. Thus 
Aldrin increased the excitability of the spinal neurones to intra-arterial 
injections of acetylcholine and metrazol. In other experiments, peripheral 
muscle twitches were often observed after intravenous or intramuscular 
injections of Aldrin. Aldrin also markedly potentiated the crossed extensor 
reflex. It appeared to augment transmission across the neuromuscular junc- 
tion. Repeated doses of Aldrin had less effect on reflex excitability, and 
eventually depression of reflexes and block of the neuromuscular junction 
occurred, this being analogous to the depression of the intestinal motility 
observed after large doses of Aldrin. 

One of the surprising observations in the acute experiments is the rapidity 
with which denervated muscles become sensitized to Aldrin and to acetyl- 
choline. After a period of some two hours from severance of the motor nerve, 
the muscle can be fired off either by intra-arterial injection of acetylcholine 
or even by Aldrin itself. This confirms the earlier results of Drake and 
Stavraky (4) on early sensitization in acute experiments. 

Presumably it is the anticholinesterase activity of both Aldrin and the 
chemically dissimilar organic phosphate, Parathion, which is responsible for 
their insecticidal properties. The cause of death of experimental animals 
after repeated injections of Aldrin cannot, however, be attributed solely to 
the anticholinesterase activity of the compound and further studies in this 
respect are necessary. 
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EXPLANATION OF FIGURES 


PLATE I 


Fic. 1. Shows greater effectiveness of vagal stimulation on the heart after Aldrin. 
Cat 2.8 kgm. chloralose-urethane anaesthesia. 
A. Stimulation of left vagus nerve before the administration of Aldrin. 
B. Same stimulation repeated 25 min. after the intramuscular injection of 1 cc. of a satu- 
rated solution of Aldrin in 95% ethanol (20 mgm. of Aldrin). 


Fic. 2. Effect of Aldrin on blood pressure and heart rate and its potentiating effect 
on acetylcholine. Cat 3.2 kgm. chloralose-urethane anaesthesia. 
Effect of an intravenous injection of 10-! ygm. of acetylcholine before the adminis- 
tration of Aldrin. 

B. Same quantity of acetylcholine injected eight minutes after an intravenous admin- 
istration of 0.2 cc. of Aldrin (4 mgm.) showing prolonged and augmented vasodilator 
effect of acetylcholine. 

C. The effect of the intravenous injection of 0.2 cc. of Aldrin (4 mgm.) showing marked 
decline of blood pressure and slowing of the heart (these effects were practically 
absent under nembutal anaesthesia—see Fig. 4). 


PLATE II 


Fic. 3. Prolongation and potentiation of effect of vagal stimulation on the heart by 

Aldrin. Cat 3.7 kgm. nembutal anaesthesia. 

A. Third intravenous injection of 0.2 cc. Aldrin (4 mgm.) was followed 114 min. later 
by an electric stimulation of the vagus nerve by means of a square wave stimulator 
(current intensity 1 v., frequency 35 c.p.s., pulse duration 1 msec.). Note prolonged 
slowing of the heart after the discontinuance of the electrical stimulation of the vagus 
nerve. 

B. Repetition of the stimulation of the vagus nerve 614 min. later (8 min. after the 
intravenous injection of Aldrin). The tracings show a more transient effect of 
Aldrin when administered intravenously as compared with the intramuscular 
administration (Fig. 1). Also nembutal counteracted the effect of Aldrin as 


compared with the experiments in which chloralose and urethane anaesthesia was 
used (Figs. 1 and 2). 


PLaTE III 


Fic. 4. Effect of nembutal on the cardiovascular response to Aldrin and the syner- 
gistic action of Aldrin and acetylcholine. Cat 3.7 kgm. nembutal anaesthesia. (All 
injections in this experiment were carried out into the femoral vein.) 

A. Effect of an injection of 0.2 cc. of Aldrin. Note the absence of any lowering of the 
blood pressure such as seen in Fig. 1,C under chloralose and urethane anaesthesia. 
B. The fourth injection of 0.2 cc. of Aldrin was combined with 10~ ygm. of acetylcho- 
line. Note the marked and prolonged slowing of the heart which lasted nine minutes. 


PLaTE IV 


Fic. 5. Potentiation of effect of chorda tympani stimulation by Aldrin. Cat 2.9 kgm. 

nembutal anaesthesia. : 

A. Effect of stimulation of chorda tympani on the salivary secretion and vasodilation 
in the submaxillary gland before Aldrin (square wave stimulator, current intensity 
5 v., frequency 35 per sec. wave duration 1 msec.). 

B. Same stimulation repeated 414 min. after the first intravenous injection of 0.2 cc. 
of Aldrin (4 mgm.) Note greatly increased vasodilation and a more abundant 
secretion on the chorda tympani stimulation after the Aldrin. 


Fic. 6. Potentiation of the effect of acetylcholine on the salivary gland. Cat 2.9 kgm. 
nembutal anaesthesia. (All injections intravenous). 
A. Effect of 50 ugm. of acetylcholine bromide on the blood pressure and secretion and 
blood flow in the submaxillary salivary gland before Aldrin. 
B. Same injection of acetylcholine repeated 18 min. after the third injection of 0.2 cc. 
of Aldrin (total of 12 mgm.) Note the more marked slowing of the heart and the 
doubling of the secretion of saliva caused by the acetylcholine after Aldrin. 
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PLATE V 


Fic. 7. Paradoxical restoration by Aldrin of the effect of acetylcholine on the salivary 
gland after paralyzing doses of acetylcholine. Dog 17.5 kgm. chloralose and urethane 
anaesthesia. (Over a period of two hours 25.5 mgm. of acetylcholine were injected into 
the submaxillary gland through the lingual artery 5 
A. After the above administration of 25.5 mgm. of acetylcholine, an intra-arterial 
injection of 30 ygm. of acetylcholine was found to be ineffective causing neither 
a secretion nor a vasodilation in the gland. Between A and B 0.4 cc. of Aldrin 
(8 mgm.) were given intravenously. 

B. After the administration of Aldrin the injection of 30 ugm. of acetylcholine was again 
effective in inducing vasodilation and secretion of saliva. 


Fic. 8. Shows the effect of intra-aortal injections of Aldrin into spinal cats. 

A. 0.2 cc. of a saturated solution of Aldrin in 95% ethanol (4 mgm.) resulted in a 
series of clonic contractions of the innervated right quadriceps followed by a series 
of twitches on both sides. (The left quadriceps was denervated at the beginning 
of the experiment by means of section of the femoral nerve on that side. The cat 
weighed 2.8 kgm. and received three similar injections of Aldrin previously at 
2% min. intervals. The fourth injection produced the maximal effect of Aldrin on 
the spinal cord in this experiment. Altogether seven injections were given.) 

B. 0.2 cc. of Aldrin (4 mgm.) was injected into another spinal cat in a similar manner 
after clamping of the abdominal aorta at the bifurcation of the iliac arteries in order 
to exclude the effect of Aldrin on the muscles. Cat 2.7 kgm. received two 0.2 cc. 
injections of Aldrin before the one shown in the figure. (Control injections of 
0.2 cc. of 95% ethyl alcohol were completely ineffective.) 


PLATE VI 


Fic. 9. Shows effect of intra-aortal injections of Aldrin upon the crossed extensor 
reflex in the spinal cat. Cat.2.8 kgm. The reflex is elicited by means of stimulation 
of the left sciatic nerve and recorded from the tendon of the right quadriceps muscle. 
The left quadriceps is denervated by means of section of the femoral nerve and serves 
as a control. (The injections of Aldrin are 24 to 4 min. apart and the sciatic nerve is 
stimulated one minute after each injection.) 

A. Three control, stimulations of sciatic nerve before the administration of Aldrin. 

B. The same stimulations repeated after two 0.2 cc. (4.0 mgm.) injections of Aldrin. 
(After the first injection there was no significant augmentation of the reflex activity.) 

C. After the third injection of 0.2 cc. (4 mgm.) of Aldrin the greatly increased sensitivity 
of the spinal cord to reflex stimulation resulted in a further reduction of the strength 
of electric stimulation of the sciatic nerve in order to get a threshold response. 

D. After the fourth injection of 0.2 cc. (4 mgm.) of Aldrin the sensitivity of the spinal 
cord to reflex stimulation became maximal. 

E. Further injections of Aldrin resulted in a progressive diminution of the sensitivity 
of the spinal cord to reflex stimulation. Results of stimulation of the sciatic nerve 
after the sixth injection are shown. 

F, After the seventh injection of 0.2 cc. (4 mgm.) of Aldrin a twitching of the denervated 
muscle developed and lasted 4.7 min. in the absence of a similar response on the 
innervated side. (The femoral nerve was severed two hours before this injection.) 


PLaTE VII 


Fic. 10. Shows the potentiation by Aldrin of the effect of acetylcholine on the spinal 
cord. Spinal cat 2.7 kgm. intra-aortal injections. 
A. Effect of 0.125 mgm. of acetylcholine before the administration of Aldrin. 
B. Same quantity of acetylcholine injected after two administrations of 0.2 cc. (4 mgm.) 
of Aldrin each causing a much greater contraction of the quadriceps muscles. 


Fic. 11. Shows the potentiation by Aldrin of the effect of metrazol. Spinal cat 2.7 
kgm. intra-aortal injections. 
A. A subminimal quantity of metrazol (25 mgm.) before the administration of Aldrin 
causes only a few isolated twitches. 
B. Repetition of a similar injection of metrazol after two administrations of 0.2 cc. 
(4 mgm.) of Aldrin each causes a marked contraction of the quadriceps muscles. 
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PLaTE VIII 


Fic. 12 (A and B). Shows effect of intravenous injections of small and large quantities 
of Aldrin on intestinal motility. 


A. 5 mgm. of Aldrin (2.5 mgm. per kgm.) cause great augmentation of the intestinal 
motility in the rabbit. 


B. 20 mgm. of Aldrin (7.5 mgm. per kgm.) cause an inhibition of duodenal contractions 
in the cat. 





PLATE IX 

Fic. 13. Shows the potentiation by Aldrin of the effect of acetylcholine in the 

denervated quadriceps muscles of a spinal cat (2.9 kgm. intra-aortal injections.) 

A. — contractions of the quadriceps caused by the injection of 6 mgm. of acetyl- 
choline. 

B. The injection of acetylcholine repeated immediately following the introduction of 
0.2 cc. (4.0 mgm.) of Aldrin. 


Fic. 14. Effect of Aldrin on sciatic-gastronemius preparation in cat. Cat 3.0 
kgm. chloralose—urethane anaesthesia. Left gastrocnemius recorded. 


A,and B. Supramaximal stimulation rate 13 per min. 


C, D, and E. Submaximal stimulation rate 40 per min. All injections at arrows made 
into right common iliac artery. Note increased height of contraction in panel C 
after 4 mgm. Aldrin, and depression with larger doses of Aldrin in panels D and E. 
yyw — of Aldrin and supramaximal stimuli no effects were observed (panels 

and B. 
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A PRELIMINARY COMPARATIVE STUDY OF TEST ANTIGENS 
PREPARED FROM ADULT AND LARVAL FORMS OF 
TRICHINELLA SPIRALIS: 


By WINIFRED M. Ross? 


Abstract 


Test antigens prepared respectively from adult and from larval Trichina were 
compared by means of the complement fixation test on serum from rabbits 
infected experimentally with varying numbers of Trichinae. While significant 
levels of reactivity with ‘‘adult”’ antigen were shown to occur, it had no apparent 
advantage over the “‘larval’’ antigen in the early detection of antibodies. 


Introduction 


For some years, extracts of the infective larvae of Trichinella spiralis have 
been used as a test antigen in complement-fixation and precipitin tests to 
demonstrate the presence of this parasite in mammals. It is generally believed 
however, particularly following the work of Oliver-Gonzalez in 1941 (5), that 
there is a dual antibody production by the host—one type directed against the 
larvae of the parasite in the sarcolemma of the host muscle, the other against 
the sexually mature adult in the small intestine. 

Since, presumably, the larvae do not commence to enter the muscle until 
after the seventh day following the ingestion of the infected meal, any antigen 
liberated up to that time might be expected to lead predominantly to the 
production of the “adult” type of antibody. If this were the case, it might 
explain in part why serological tests with extracts of the larvae do not detect 
the presence of antibody during the first three weeks of the disease. It would 
seem possible that, if antigens prepared from adult forms were employed, 
positive results might be obtained earlier in the disease. If this could be 
demonstrated, such a test antigen would have obvious practical advantages 
from the diagnostic standpoint. Accordingly, the present study was under- 
taken to determine the relative time at which reactivity with extracts of 
adult and larval Trichina develops in the serum of infected rabbits. Comple- 
ment-fixation was selected as a test method in view of the experiences of 
Witebsky et al. (10), Bozicevich et al. (2), and other workers who have found 
it to be a superior test in specificity, a finding probably related to the greater 
sensitivity of the former test which permits dilution of sera and antigens 
beyond their ‘‘non-specific range.” 

Two antigens were used, both derived from the rat as host animal. The 
first of these, prepared from sexually mature adults, is referred to as the 
“adult” antigen, although it contained embryos with the females that were 

1 Manuscript received in original form January 22, 1952, and, as revised September 25, 
set Contribution from the Institute of Parasitology, McGill University, Macdonald College, 


P.Q., Canada, with financial assistance from the National Research Council of Canada. 
2 Graduate Assistant, 
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used in its preparation. The second, prepared from mature larvae extracted 
from the muscles, is referred to as the “‘larval’’ antigen, although the larvae 
to all intents, were really sexually immature adults. Both preparations, 
therefore, may be considered to contain both adult and larval antigens, but 
the relative concentration of the ‘‘adult” antigen has been assumed to be 
much higher in the former, the larval antigen in the latter. 


Materials and Methods 
Preparation of Antigens 
The ‘‘Larval”’ Test Antigen—Antigen L 

The larvae for this antigen were collected according to a modification of 
the method of Bozicevich (1). In this method a porcelain desiccator plate is 
placed in the Baermann funnel, thus ensuring an extremely clean yield. As 
such plates were not available, disks of tempered masonite were used; holes 
were bored in these, after which they were coated with paraffin in order to 
present a smooth surface over which the larvae could move and then fall 
downward by gravity without contamination. The larvae thus collected were 
washed several times with sterile, buffered saline, suspended in a small volume 
of sterile, double-distilled water, and placed immediately in a deep-freeze 
refrigerator to prevent denaturation of the protein. They were then desic- 
cated im vacuo over sulphuric acid, ground in an agate mortar, and stored in 
dry powder form in sterile vials in the deep-freeze refrigerator until extraction 
was desired. Extraction with sterile, buffered saline at three-week intervals 
was made according to the method of Wright and Oliver-Gonzalez (11) to 
provide a basic 1 : 500 dilution by weight. From this, serial dilutions were 
made up to 1 : 320,000. 

In dilution of 1 : 16,650, the anticomplementary activity of antigen L was 
negligible, and it gave a strongly positive reaction with an immune serum of 
known high titer. 

Storage of the basic 1 : 500 extract of antigen L for more than three weeks 
at 3° to 4°C. brought about deterioration of its antigen activity. This 
finding is in accordance with that of Spink (8) who, in a four-year survey on 
trichinosis, found it advisable to keep the powdered trichina larvae in the 
refrigerator and to make up the antigenic extract as required. 


The “Adult” Test Antigen—Antigen A 

The live adult trichinae were collected according to the method of 
Ross (6) and the extraction for the test antigen was the same as that for the 
“larval” antigen. From the basic 1 : 500 dilution, a 1 : 16,650 dilution was 
made directly for use as Antigen A. This dilution was very slightly anticom- 
plementary. Throughout, antigen A appeared of lower complement-fixing 
titer than antigen L. 

The 1 : 16,650 dilutions of both antigen L and antigen A were stored at 3° 
to 4° C. under sterile conditions. 
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Source of Sera 


Immune serum was obtained from six castrated year-old rabbits, which 
had been dosed orally with a known number of infective Trichina larvae. 
Animals Y-6 and Y-12 received 5000 larvae each; the dosage for Y-6 was 
probably less than 5000 since the larvae had been stored for some time and 
many of them may have been noninfective. Y-14 and Y-30 received 10,000 
infective larvae each, and Y-31 and Y-32 received 15,000 larvae each. The 
animals were bled at 2, 4, 7, 11, 15, 18, 22, 26, and 30 days. All sera were used 
in dilutions of 1 : 20, 1 : 40, 1 : 62, and 1 : 83 after inactivation for 30 min. 
at 56°C. 

Doses of 5000, 10,000, and 15,000 infective larvae were chosen in view of 
the immune response demonstrated in the two positive control sera. A low 
dosage of 1000 larvae had been sufficient to maintain weak serological reactivity 
with antigen L 10 months after infection, while a moderate dosage of 5000 
larvae administered nine months earlier gave strong reactivity. 

The sera used in the positive controls were obtained from two rabbits— 
P-1, infected 10 months previously with 1000 infective larvae, and P-76, 
infected nine months previously with 5000 infective larvae. The negative 
control serum was from an uninfected rabbit, Y-3. All sera were tested for 
anticomplementary activity as well as for activity with trichina antigen. 
P-1 showed weak reactivity, and P-76 showed strong reactivity with antigen L; 
the serum from Y-3 showed no reaction. be 

The comparative study could be carried out during only a limited time 
period. Hence it was thought wise to employ a moderate to very high dosage, 
in the event that the antibodies that were produced in response to a low dosage 
might be slow in reaching significant levels. On the other hand, overwhelming 
doses were not used because of the danger of inducing a fatal pneumonia in 
the experimental animals. This was a serious difficulty particularly in main- 
taining the rat colony, and the pulmonary complications appeared with 
regularity at the time when large numbers of immature larvae were migrating 
from the intestine to the muscle. 


Complement- Fixation Methods 

Complement 

Lyopholyzed guinea-pig serum, Lot No. 83, from the Department of 
National Health and Welfare, Ottawa, was used throughout. This was 
reconstituted one ampoule at a time, subdivided in lots sufficient for one day’s 
work, and stored in the deep-freeze refrigerator for periods of not longer than 
10 days; all lots were frozen and thawed only once before use. Complement 
titration was performed on a sample from each ampoule before being diluted 
for the test proper. 


Technique of Test 


The technique used was that of Bozicevich et al. (2) which had been 
devised for use specifically in parasitic diseases. Moreover, it included 
adequate controls and had as its end point in the complement titration, the 








ROSS: TEST ANTIGENS 537 


50% haemolytic unit, which is a more accurate and sensitive measure of 
complement activity than the 100% unit. This method was in current use 
in the Institute of Parasitology and all reagents and materials of both the 
test and visual systems had been standardized and evaluated. The period 


TABLE I 


RESULTS OF COMPLEMENT-FIXATION TESTS RECORDED IN % HAEMOLYSIS WITH SERUM 
COLLECTED 26 DAYS AFTER INFECTION 









































Antigen L | Antigen A Serum controls 
Serum Dilution - 
4 units 4 units 2 units 3 units 4 units 
Y-6 1:20 0 90 80 98 100 
1:40 0 100 85 100 100 
1 : 62 35 100 98 100 100 
1 : 83 90 100 100 100 100 
Y-12 er 0 5 60 85 100 
1:40 0 95 70 98 100 
ee 0 98 95 100 100 
1:83 35 100 98 100 100 
Y-14 1:20 0 50 80 100 100 
1:40 0 100 95 100 100 
1: 62 50 100 95 100 100 
1: 83 95 100 100 100 100 
Y-30 1:20 0 5 70 90 100 
1:40 0 90 85 95 100 
1:62 0 100 100 100 100 
1 : 83 5 100 100 100 100 
Y-31 i: 0 45 85 98 100 
1:40 0 95 95 100 100 
1:62 0 100 90 100 100 
1 : 83 0 100 100 100 100 
Y-32 1:20 0 15 65 80 100 
1:40 0 25 98 100 100 
i:@ 0 50 98 100 100 
1: 83 0 80 100 100 100 
P-1 1:62 100 100 100 100 100 
1:83 100 100 100 100 100 
P-76 1: 62 0 98 70 100 100 
1 : 83 0 100 90 100 100 
Y-3 1: 62 100 100 90 100 100 
1 : 83 100 100 100 100 100 
Antigen L controls Antigen A controls 
2 units 3 units | 4 units 2 units 3 units 4 units 
1:20 and 1:40 95 100 100 85 100 100 
1: 62 and 1: 83 95 100 100 90 100 100 
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for fixation was 16 to 18 hr. at 4° C. and final reading of the test in percentage 
haemolysis was made by gross visual comparison with color standards prepared 
fresh each day. 

Tubes 1 and 2 constituted the test proper with antigen L for serum 
dilutions of 1 : 20 and 1 : 40, respectively; each contained four-50% haemolytic 
units of complement. Tubes 3, 4, and 5, with two-, three-, and four-50% 
haemolytic units respectively constituted serum controls for tube 1, with 
tubes 6, 7, and 8 similarly serving as controls for tube 2.. Tubes 9, 10, and 11, 
which contained respectively two-, three-, and four-50% haemolytic units, 
formed the controls of the anticomnlementary activity of antigen L in 
1 : 16,650 dilution. Similar tests for antigen A were carried out in tubes 9a, 
10a, and 11a. A parallel series to tubes 1 to 8 was set up for each serum in 
dilutions of 1 : 62 and 1 : 83, as well as a parallel series to tubes 1 and 2 for all 
four serum dilutions with antigen A. Each batch of serum was tested by the 
same procedure. Representative experimental results are tabulated in a 
simplified form in Table I. 

In addition, however, the values for the various bleedings from each test 
animal were transferred to graph paper, the degree of fixation with a serum 
dilution of 1 : 20 in the presence of antigens A and L being plotted against 
the number of days after infection. All of the immune sera in this dilution 
exhibited some anticomplementary activity in the two unit complement 
controls without antigen. The total degree of fixation in the test antigen 
could not be attributed, therefore, to the actual antibody present in the 
particular serum. In only a few cases, however, was the fixation recorded 
in the serum control greater than two-50% haemolytic units. 


Results 


Response of Rabbit Dosed with Less than 5000 Larvae, Y-6 


This animal, Y-6, was dosed with larvae which had been stored according 
to the method of Taylor (9). The complement-fixing titers with adult and 
larvae antigens of a 1 : 20 dilution of serial bleedings from this animal are 
given in Fig. 1. The presence of activity with the ‘‘adult’’ antigen A was not 
detectable in any of the four bleedings of rabbit Y-6 tested. The slight 
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reactions with the “‘larval”’ antigen L, which were observed in the two- and 
seven-day bleedings are probably not significant in view of the anticomple- 
mentary properties of the experimental sera. Definite evidence of serum 
activity with antigen L was not obtained until the 22nd day after infection 
when, although there was almost complete fixation of complement, the non- 
specific binding in the serum controls would allow the titer to be estimated 
only as a two-plus positive. On the 26th day after infection the reactivity 
of the 1 : 20 dilution of serum was considered to be three-plus positive with 
this antigen; definite fixation, that is 50% haemolysis or less, was shown by 
the 1 : 62 dilution of this serum (Fig. 1). 

In evaluating the results of titrations of the sera of the other animals, 
unless the degree of fixation in the test of serum with antigen was at least 
twice that in the serum control with three-50% haemolytic units of comple- 
ment, the values were not considered to be significant. 


Response of Rabbit Dosed with 5000 Larvae, Y-12 


The slight degree of fixation with the adult antigen A, which was observed 
in the 1 : 20 dilution of the two-day serum of rabbit Y-12 was considered to 
be probably due to a nonspecific reaction of the kind frequently encountered 
in normal rabbit sera with various tissue extracts. Sera taken 7- and 11-days 
after infection however, showed a definite degree of fixation with antigen A 
traceable presumably to the presence in the serum of antibody induced in 
response to antigenic components liberated by or from the adult trichinae 
found normally in the small bowel as early as five days after the infective dose. 
As the adults produced their larvae, the complement-fixation activity with 
antigen A fell (15- and 18-day sera) but again attained significant levels from 
the 22nd day until the end of the experiment. No reactivity was observed 
however with serum dilutions greater than 1 : 20. 

A very early response to the invading infective larvae was detected in the 
four- and seven-day sera both of which fixed complement with antigen L. 
The titer of the serum collected on the 11th day was lower, but later it returned 
to significant levels following the development of the new generation of migrat- 
ing larvae. The serum dilution titer at this time was 1 : 83 with antigen L 
as compared with 1 : 20 with antigen A. 

These minor fluctuations in titer with antigen L may have merely a technical 
basis or they may be traceable to a neutralization of antibody by freshly 
liberated larval antigen, and this may have some significance in relation to 
the life cycle of the parasite. 


Response of Rabbits Dosed with 10,000 Larvae, Y-14 and Y-30 

In a 1: 20 dilution of the serum from. Y-14, appreciable activity with 
Antigen A was not obtained until the 22nd day after infection; it continued 
to rise until the 30th day after infection when a clear-cut two-plus reaction 
was observed. Serum from Y-30 in a 1: 20 dilution presented the same 
pattern of reactivity, although the final titer was somewhat higher. With 
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respect to reactivity with antigen L, a significant level was not demonstrated 
in the serum of Y-14 until the 18th day, but this was maintained until the 
end of the test period. The serum of Y-30 showed definite fixation with 
antigen L within one week of dosing and a significant titer was maintained 
until 30 days after the infective meal. As indicated in Table I, with both 
antigens, Y-30 had a higher serum-dilution titer than Y-14. 


Response of Rabbits Dosed with 15,000 Larvae, Y-31 and Y-32 

In the 1 : 20 serum dilution of Y-31 significant activity with antigen A 
was not demonstrated until the 22nd day after infection, whereas in the serum 
of Y-32, in the same dilution, definite fixability was detectable from the 
11th day onward. Appreciable reactivity with “‘larval’’ antigen was evident 
in the serum of Y-31 one week after dosing and was maintained at a high 
level until the 30th day. The production of antibody was even more rapid 
in Y-32. Here a marked serological reaction with antigen L was observed as 
early as the fourth day, and the antibody titer did not fall in the interval 
during which the larvae matured into adults (Fig. 2). In the latter half of 
the experiment, significant fixation of complement with both “larval” and 
‘“‘adult’”’ antigens was also shown by the higher as well as by the 1 : 20 dilution 
of Y-32 serum. 
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In this investigation, the crude saline extract of adult trichinae did not 
prove superior to the larval test antigen, prepared and used under standard 
conditions, as a means of detecting immune bodies produced in rabbits 
in response to infection with Trichinella spiralis. Significant fixation of a 
complement by a mixture of a 1 : 20 dilution of immune serum with “larval” 
antigen was demonstrated as early as the fourth day, whereas with the 
“adult”’ antigen, definite evidence of reactivity in the same serum dilution 
was never shown before the seventh day. Strong serological reactions with 
the ‘‘adult’’ antigen were not demonstrated in the higher dilutions of serum 
(1 : 62 and 1 : 83). This may have been due to the fact that “adult” anti- 
body production was not high, 
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Some time relationship was suggested between the appearance of reactivity 
with “‘adult” antigen and the life cycle of the parasite, which might be inter- 
preted as giving some indication of evidence of the specificity of antigen A. 
Some further evidence of this specificity was obtained in comparative tests 
with antigens A and L of an immune serum from a proved case of human 
trichinosis taken at a time when adult Trichinae normally would have left the 
gut. Antigen A showed no reactivity with this serum, while with antigen L, 
significant fixation was apparent. This would seem to suggest that circulating 
antibody produced against the adult form of the parasite does not persist 
indefinitely after infection. 


Discussion 


It was hoped that, by using an ‘‘adult’’ test antigen in this study, significant 
serum reactivity could be detected earlier during the course of infection, than 
with the usual “‘larval’’ antigen. Gaase (3) claimed to have obtained definite 
complement-fixation reactions in guinea pigs three days after infection, while 
Bozicevich (1) noted serum reactions in rabbits four days after infection. In 
a series of three cases of human trichinosis Gaase (4) was able to demonstrate 
marked fixation of complement two days after infection with a ‘“‘larval’’ test 
antigen prepared from infected swine muscle. These appear to be the only 
cases on record where early positive diagnosis was established. The dilution 
in which the experimental antigens was used may be an important factor in 
detecting low levels of serum reactivity. Although antigens for this study 
were prepared according to proved technique, anticomplementary activity 
made it necessary to use them in high dilutions. This was contrary to the 
findings of Roth (7), who was able to introduce a 1 : 500 dilution of antigen 
into his test system without undesirable effects. Had it been possible also to 
use the rabbit serum in the prescribed dilutions of 1:5 and 1: 10, smaller 
amounts of so-called ‘‘immune-bodies’”’ might have been detected. Relation- 
ship between the pattern of immune response and the size of the dose was not 
marked; individual response here, as in the findings oi Gaase (4), seemed to be 
the rule. 


Conclusions 


Significant levels of reactivity with “adult” extract antigen of Trichinella 
spiralis have been demonstrated in the serum of infected rabbits by the 
application of the complement-fixation test. Higher titers were, however, 
obtained throughout with larval extracts. In view of their anticomplementary 
properties, it was necessary to use both antigens in relatively high dilutions. 
Had it been possible to employ a lower dilution of antigen A, higher titers 
might have been obtained and the differences in the relative behavior of the 
two preparations less marked. 


Experimentally, this “‘adult” extract antigen had no apparent advantage 
over a “‘larval’”’ antigen in the early detection of serum reactivity. 
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MITOCHONDRIAL POPULATION IN MAMMALIAN CELLS 


IV. PRELIMINARY RESULTS ON THE VARIATION IN THE MITOCHONDRIAL 
POPULATION OF THE AVERAGE RAT LIVER CELL DURING 
AZODYES CARCINOGENESIS! 


By CLAUDE ALLARD, G. DE LAMIRANDE, AND A. CANTERO 


Abstract 


The mitochondrial population, computed from the separate determination of 
the number of cells and mitochondria per gram of fresh rat liver, seems to decrease 
during carcinogenesis due to 4-dimethylaminoazobenzene, 4'-fluoro-4-dimethyl- 
aminoazobenzene, and 2-acetylaminofluorene. The noncancerigenic azodye, 
2-methyl-4-dimethylaminoazobenzene, seems to provoke the formation of mito- 
chondria within the liver cell. When 4-dimethylaminoazobenzene is incor- 
porated in a complete diet, the mitochondrial population of the liver cell is 
unaffected. These results indicate that a lower mitochondrial population might 
be characteristic of a preneoplastic stage of rat liver induced by cancerigenic 
substances. 


Introduction 


A method of counting mitochondria in rat liver homogenate and in the 
cellular particulates isolated by centrifugation has been devised in this labora- 
tory (3) and effectively applied to the study of the mitochondrial population 
of liver cell in different physiological and pathological conditions (1, 2). 

The average cell of liver tumor induced by feeding 4-dimethylaminoazo- 
benzene has been shown to contain 1391 (2) mitochondria as compared to 
2480 in normal liver cell (3). The fact that the average cell of regenerating 
liver (1), liver tumor and liver freed from tumor (2) contained a low mito- 
chondrial population led us to investigate the liver cell of rats during carcino- 
genesis. It was thought that a progressive diminution in the number of mito- 
chondria per average cell might occur during liver carcinogenesis, i.e., prior to 
the appearance of tumor. The present results seem to favor this hypothesis. 


Materials and Methods 


Wistar rats of average weight 150 gm., of either sex are constituted in seven 
groups. One group was fed a basal low-protein semisynthetic diet without 
azodye (5, diet 3); and five groups were fed the same diet to which was 
incorporated 0.06% of one of the following: 4-dimethylaminoazobenzene 
(DAB), 4’-fluoro-4-dimethylaminoazobenzene (4’-F-DAB)*, 2-acetylamino- 
fluorene (AAF), 2-methyl-4-dimethylaminoazobenzene (2-Me-DAB), 0.06% 
of DAB mixed with 0.06% 2-Me-DAB. Another group received 0.06% of 
DAB incorporated in a complete diet of Purina Fox Chow (PFC). The DAB 
in the latter diet was incorporated to PFC powder from a 3% DAB cod-liver 
oil solution. 


1 Manuscript received May 19, 1952. 

Contribution from the Montreal Cancer Institute, Research Laboratories, Notre-Dame 
Hospital, Montreal, Canada. This investigation is supported by a grant from the National Cancer 
Institute of Canada. 

* The azodyes 4'-F-DAB and 2-Me-DAB were a generous gift from Dr. E. C. Miller and the 
carcinogen AAF was a gift from Dr. S. C. Skoryna. 
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After ‘intervals of 15, 30, 45, 60, or 90 days on the different diets, the rats 
were sacrificed, the livers excised, weighed, and homogenized in 0.25 M 
sucrose. The homogenates were subsequently centrifuged (3) to isolate three 
cellular fractions, namely, a nuclear (N), a mitochondrial (M), and a super- 
natant (S). The number of mitochondria was then estimated in the (JN), 
(M), and (S) fractions by a method previously described (3). The (S) fraction 
did not usually contain any detectable mitochondria. The number of mito- 
chondria determined directly in the homogenate usually equalled the sum of 
mitochondria in the separate fractions (3). However, since this estimation 
presents some difficulty (2) and since counts in the separate fractions are 
required for other studies, the counting is carried out in the (N) and (M) 
fractions separately. 

The number of cells (nuclei) per gram of fresh liver is determined by the 
Price and Laird technique (9). The average number of mitochondria per 
cell is computed from the number of cells and mitochondria per gram of fresh 
tissue (3). Micro-Kjeldhal procedure is used for the total nitrogen content 
(TNC) determinations. 


Results 


In the present investigation, the number of days of feeding the carcinogens 
to the rats were insufficient to produce liver neoplasia as observed histo- 
logically. Briefly, the histological changes observed were the following: 90 
days of basal diet feeding produce liver damage in the nature of hepatitis; 
when DAB was incorporated in the basal diet, the livers at 90 days were 
usually cirrhotic*; when 4’-F-DAB or AAF were fed, cirrhosis was evident 
after 45 days. These histological changes are characteristic of a period of 
liver damage preceding neoplasia (7, 11). 

Table I shows the quantitative variation in the mitochondrial population 
during several periods of carcinogenesis due to DAB, 4’/-F-DAB, and AAF. 
As compared to the controls (basal diet alone) the average liver cell contained 
a. decreased number of mitochondria when the above carcinogens were fed. 
A decreased mitochondrial population due to azodyes has been qualitatively 
observed histologically (11). A relationship between the carcinogenic index 
(CA-Index, 5) and a low preneoplastic mitochondrial population seems to 
exist. In fact, Table I reveals that 15 days of ingestion of the highly carcino- 
genic compound 4’-F-DAB (CA-Index :10) is sufficient to produce amore 
drastic decrease in the mitochondrial population than 30 days on DAB 
(CA-Index : 6). 

The noncarcinogenic azodye 2-Me-DAB (Table I) possessed the peculiar 
property of increasing the number of mitochondria per cell. Thirty days of 
ingestion of this dye is sufficient to increase the population to 4115 as compared 
to 2287 for the controls. This fact is in agreement with histological (11) and 
indirect biochemical findings (8). When 2-Me-DAB is mixed with DAB and 


* Livers after 90 days of DAB often show signs of advanced cirrhosis and occasionally of being 
neoplastic. Such livers were discarded in the present investigation. 





» 
+ 
eo) 


Iv. 


MITOCHONDRIAL POPULATION, 


ALLARD ET AL.: 


"$1199 avyonuouom Susunssy 4 


"pasn spm s4aury fo Joog D u9ard jou aap sm aouapyfuos ay} uay 4 
“MUITLAIIUDIUON « 









































44 1129 aBes0ae 
9677 gore SIP 6982 Ze9I $687 z991 zzet LEO L891 LLIZ LLze 9662 L87Z PSST |1ad eypUoYyoyW jo “ON 
(€) (2) (¥) (2) (2) (¥) (+) (¥) (s) (¢) (¥) (¥) (1) (9) (i) 
— — — _ - _ — -- 68 F¥|S9 F | 6S F | 8% F 19S F | 86 FF] ZT F | o-Ot X J04q Ysouy “ws 
0° 6z $'9f z°os I'ee £°SZ 9°¢F z'st 6°61 8° £7 $' $7 zee ze v7 ee O'sf j4ed eppuoysoyu jo “ON 
(¢) (z) (¥) (2) (2) (+) (+) (+) (6) _ (9) (9) (1) (1) (z1) 
OSL 069 ZEL $08 668 zOrl €8s 996 svi - zou €8L SIL S6L TLOT  |e-OT X 4PAqT 403 S][99 JO “ON 
(€) (2) (¥) (z) (z) (+) (¥) (+) (st) (01) (9) (8) (s) (01) (z¥) 
_ - - _ aad _ _ i— sel Flew Fl zz Fi ss Fl ou F| 79 F | oe F 9-01 X 2241] 
£°971 ZStt | O'7@ZE | S’STL | O'SST | O'OST | 9°GOT | S*IST | E'shl | Z'shr | z'zst | o'HET | B°6ZT | L°9EL | Z'6ZT |ysezy “WE Jad sT]VD Jo ‘ON 
o¢ Sb of st sb st sb st 06 09 of 06 0s of 0 dP Jo she 
ava + ait ovate 2 
ava-2n-e ef VW -Z AVY ava-a-t ava (sjo1j;U09) auoN, pej UaBouyoeD 


























SHOWNL AINGOUd OL LNAIDIAANSNI GOad V AOd 


SNASONIOUVD SNOINVA Gad SLVA LINGV AO TIAD AAAIT AOVAAAV AO NOILVI1NdOd TVIMGNOHSOLIW 


I ATAVL 














546 CANADIAN JOURNAL OF MEDICAL SCIENCES. VOL. 30 


incorporated in the basal diet, an increase in the mitochondrial population is 
no longer observed after 30 days. It would seem that DAB is necessarily an 
agent which blocks the formation of mitochondria in the liver cells. 

Table I reveals also the variation in the number of cells per gram of fresh 
liver during the period of feeding the diets described above. Briefly the 
number of cells per gram of fresh tissue increased when a carcinogenic diet 
was fed. The increase observed in this laboratory is not as great as reported 
by others (10). Per liver, the number of cells are decreased when the animals 
received the basal diet alone or when the diet contained 4’-F-DAB, AAF, 
2-Me-DAB, or 2-Me-DAB mixed with DAB. However when DAB was 
ingested, the liver contained a normal number of cells. 

The total number of mitochondria per gram of fresh liver (Table I) reflects 
the number of mitochondria per average cell. 

The fact that DAB seemed to decrease the mitochondrial population as well 
as to block an increase caused by 2-Me-DAB (DAB mixed with 2-Me-DAB) 
led as to investigate its effect on the population when incorporated in a 
complete diet. 

Table II demonstrates that DAB did not decrease the mitochondrial popula- 
tion in such dietary conditions. It is known that DAB is less likely to produce 
liver neoplasia when incorporated in such diets (6). 

Table III shows that the mgm.-TNC and mgm.-dry weight of the average 
mitochondrion, as well as the ratio TNC/ dry weight, vary in different patho- 
logical conditions. These results are preliminary, but they emphasize the 
point that nitrogen or dry-weight content of this cellular particulate does not 
seem a suitable basis for accurate measurement of a biochemical phenomena 
in pathological conditions. From these results, it would appear that the 
average mitochondrion chemical composition might vary (1). However, the 
mitochondrial population might also contain several kinds of mitochondria 
and this population might be affected independently. In fact, it seems rather 
improbable that the mitochondrial fraction of liver, isolated in sucrose, is 
composed of only one specific kind of particles (4, 8). 


TABLE II 


MITOCHONDRIAL POPULATION OF AVERAGE LIVER CELL OF ADULT RATS 
FED DAB INCORPORATED IN A COMPLETE DIET 











Days of diet 60 90 
No. of cells per gm. of fresh liver K 10 139.0 129.0 
(4) (3) 
No. of cells per liver X 10-* 1015 955 
No. of mitochondria per gm. fresh liver X 107° 34.6 $1.7 
(4) (3) 
No. of mitochondria per cell 2489 2457 
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Discussion 


Previous results have shown that the average cell of DAB-induced tumor, 
and of liver freed from tumor, contained a much lower mitochondrial popula- 
tion than normal rat liver. These results correlated with the present findings 
seem to indicate that a low number of mitochondria in the average tumor cell 
is the continuation of a phenomenon that has occurred prior to the appearance 
of neoplasia. In fact it seems to occur at a relatively early period of carcino- 
genesis. The number of mitochondria, which falls to about 1600-1700 in a 
precancerous liver cell, is also comparable with regenerating liver cell 
population (1). 

The fact that alterations in the level of several liver mitochondrial con- 
stituents have been shown to occur during the early period of carcinogenesis 
(10, 11) is very interesting in view of our quantitative determination of the 
number of mitochondria in the mitochondrial fraction. Some of these altera- 
tions might be due to a decrease in the number of mitochondria as tentatively 
demonstrated by Potter et al. (8). Re-evaluation of any precancerous change 
of the mitochondrial properties, on a mitochondrion basis, seems in order at 
the present time. 
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ENZYME INHIBITION BY DERIVATIVES OF PHENOTHIAZINE 
V. INHIBITION OF RAT-BRAIN HEXOKINASE BY PHENOTHIAZONE! 


By G. M. ALLENBY AND H. B. COLLIER 


Abstract 


Rat-brain tissue was homogenized in the presence of fluoride to depress 
apyrase, and hexokinase activity of the homogenate was measured mano- 
metrically. Phenothiazone was found to be a powerful inhibitor of hexokinase, 
with 50% inhibition at about 7 X 10-* M concentration. The possible relation- 
ship of this finding to the anthelmintic activity of phenothiazine is discussed. 


Introduction 


Previous papers in this series (3, 4, 5, 6) have described inhibition of various 
enzyme systems by phenothiazine and its derivatives. As the habitat of the 
intestinal helminths is largely anaerobic, it is probable that they obtain their 
energy chiefly through glycolysis. (For a review see Bueding (1).) For this 
reason the effect of phenothiazone — a soluble oxidation product of pheno- 
thiazine — upon hexokinase was investigated. 


Experimental 
Methods 

Phenothiazone was prepared from phenothiazine as described in the previous 
paper (6). 

The hexokinase activity of rat-brain homogenate was measured mano- 
metrically by a modification of the method of Colowick and Kalckar (7). 
Meyerhof and Wilson (12) showed that brain homogenate contains an active 
apyrase, and this would interfere with the manometric determination of 
hexokinase. However we have found that Long’s method (10) of preparing 
the homogenate in the presence of a high concentration of fluoride gives a 
suspension with low apyrase activity. The hexokinase remains active for 
several hours. With one exception, potassium salts were used in the deter- 
minations; the adenosine triphosphate (ATP) was added as the sodium salt. 

One gram of fresh rat brain was homogenized in 10 ml. of ice-cold 0.00016 M 
ammonium phosphate buffer of pH 7.4 (14) containing 0.13 M potassium 
fluoride. Into the main chamber of each Warburg vessel were pipetted 
0.30 ml. of the homogenate and 2.2 ml. of aqueous phenothiazone solution or 
water, followed by 0.20 ml. of 0.080 M ATP, 0.10 ml. of 0.60 M potassium 
bicarbonate, and 0.10 ml. of 0.20 M magnesium chloride. To the side-arm 
of each flask was added 0.10 ml. of 0.09 M glucose, which was replaced by an 
equal volume of water in the control vessels. The vessels were gassed for 
10 min. with a mixture of 95% nitrogen and 5% carbon dioxide and the 
reaction was begun by tipping in the glucose from the side-arms. 


1 Manuscript received June 23, 1952. 
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The manometric measurements were made differentially at 37°C. The 
contents of each pair of flasks were identical except for the absence of glucose 
from the control flask. Hence, the apyrase activity was the same in each 
flask, and the differential readings represented hexokinase activity. Produc- 
tion of carbon dioxide for the first five minutes was neglected. Reaction rates 
were calculated from the readings for the next 20 min. and expressed as 
microliters of carbon dioxide per hour. 

Under these conditions the initial rate of carbon dioxide liberation was 
usually about 200 microliters per hour for 0.30 ml. of homogenate. Control 
runs in the absence of glucose indicated that apyrase represented about 15% 
of the total activity, expressed as rate of carbon dioxide release. 


Results 


Preliminary experiments failed to show any appreciable inhibition of 
hexokinase by phenothiazone. It was then found that about one hour at 
room temperature is required before maximum inhibition is reached. In 
subsequent experiments the inhibitor was added to the homogenate one hour 
before the measurement of enzyme activity was begun. 

Several series of experiments were run with varying concentrations of 
phenothiazone. The results are given in Fig. 1, where percentage inhibition 
of rate of carbon dioxide production is plotted against the logarithm of the 
inhibitor concentration. Fifty per cent inhibition corresponds to a final 
phenothiazone concentration of about 7 X 10-* M. 
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Fic. 1. Inhibition of hexokinase by phenothiazone. Percentage inhibition is plotted against 
the logarithm of the molar concentration of inhibitor. 


The results indicate that phenothiazone is a powerful inhibitor of rat-brain 
hexokinase. Similar inhibitions of hexokinase activity have been reported by 
various workers. Inhibition of yeast hexokinase has been observed for 
quinine and atabrine (13) and for suramin (15). Extracts of mammalian 
tissues are inhibited by amidone (9) and by alloxan or ninhydrin (8). Meyerhof 
and Randall (11) found the naphthoquinones and p-quinone to be powerful 
inhibitors of brain hexokinase; and Bueding and Peters (2) observed that the 
naphthoquinones reduced the glycolytic activity of Schistosoma mansoni. 
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Our investigations have shown that derivatives of phenothiazine inhibit a 
variety of enzyme systems. Whether inhibition of hexokinase activity is 
related te the anthelmintic activity of the drug is a question that must await 
investigation of the metabolic processes of the parasites themselves. 
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PHOTOMETRIC STUDIES ON THE DIAZO REACTION FOR 
SERUM BILIRUBIN! 


By F. D. WHITE AND DoroTHEA DUNCAN 


Abstract 


Photometric studies on the Malloy-Evelyn procedure for the determination of 
serum bilirubin have shown that the azobilirubin color intensity obtained when 
the diazo reagent acts for 30 min. upon a known amount of bilirubin added to 
serum in the form of the sodium salt is less than when the reaction takes place 
with the same amount of bilirubin in chloroform-alcohol solution. This suggests 
that the usual calibration curve prepared from bilirubin in chloroform—alcohol 
solution, when used as standard for serum bilirubin determinations, may give 
values which are about 10% less than the true bilirubin content of the serum. It 
has also been shown that with the 1 : 10 dilution of the Malloy—Evelyn procedure 
the azobilirubin from icteric sera does not obey Beer’s law beyond a serum 
bilirubin content of 15 mgm. per 100 ml. Evidence is submitted that the rate 
of azobilirubin color formation can be markedly accelerated by increasing the 
strength of the diazo reagent, and a new reagent is proposed by the use of 
which the time of color development can be reduced from 30 min. to 5 min. 


Introduction 


Methods for the determination of the bilirubin content of serum all depend 
upon the reaction with diazotized sulphanilic acid first applied to serum by 
Van den Bergh and his associates (12, 13). In the earlier methods an essential 
feature was the precipitation of the serum proteins, a procedure which had the 
drawback that the precipitate was often colored to a greater or less extent 
depending upon the color intensity of the azobilirubin complex in the super- 
natant fluid. In 1937, Malloy and Evelyn (10) reported that protein preci- 
pitation could be avoided by suitable aqueous dilution of the serum, and the 
consequent elimination of this possible source of error has led to the wide- 
spread adoption of some form of the dilution procedure. 

The colorimetric determination of serum bilirubin has always been hampered 
by the lack of a suitable standard for comparison. Bilirubin in pure crystal- 
line form is obtainable, but is expensive, and consequently in the earlier 
methods the standard used was an artificial one whose color approximated 
that of azobilirubin. This artificial standard solution was evaluated in terms 
of bilirubin by comparison with known amounts of pure bilirubin in chloro- 
form-alcohol solution, which had been treated with the diazo reagent under 
suitable buffered conditions (Hunter (5), White (16) ). These comparisons 
were carried out in the Dubosc type of visual colorimeter. When Malloy and 
Evelyn introduced their dilution technique they measured the intensity of the 
red azobilirubin color by determining its optical density with the Evelyn 
Photoelectric Colorimeter. The bilirubin equivalent was obtained from a 
standard curve prepared by adding the diazo reagent to equal volumes of 
methyl alcohol containing varying known amounts of a chloroform solution 
of bilirubin, and plotting the optical densities of the resultant colors against 
the bilirubin content of the respective solutions. 


1 Manuscript received August 13, 1952. 


Contribution from the Department of Biochemistry, Faculty of Medicine, University of 
Manitoba, Winnipeg, Man. 
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The reliability of this procedure for determining with accuracy the bilirubin 
content of serum under all conditions of icterus, depends mainly upon two 
factors: (a) that the relationship between the optical density of the azobilirubin 
and the bilirubin concentration obeys Beer’s law (and this has been called in 
question by Gray and Whidborne (3) ); (6) that the azobilirubin developed 
from the bilirubin of serum has the same chromogenic value as that obtained 
from the standard bilirubin solution. In regard to the latter point, pure 
crystalline bilirubin is quite insoluble in water and serum, whereas even the 
most highly icteric sera are clear pigmented liquids indicating that the bilirubin 
is in true solution. Without entering into the controversy regarding the form 
or forms in which bilirubin exists in serum, it is evident that its physical proper- 
ties are not identical with those of pure bilirubin. Moreover the latter is easily 
soluble in chloroform for which it has such a strong affinity that, as Hunter (6) 
pointed out, although no reaction takes place on adding the diazo reagent 
to a suspension of bilirubin in alcohol the azobilirubin color appears immedi- 
ately on addition of as little as 1% chloroform. Further, we have observed 
that a chloroform solution of bilirubin can be diluted 100 times with alcohol 
without separation of the pigment. It is therefore a moot point whether two 
azobilirubin colors of equal intensity, one produced from a chloroform—alcohol 
svlution of bilirubin, and the other from an icteric serum, represent the same 
amount of bilirubin. It seemed to us that these points could best be clarified 
by studying the action of the diazo reagent on serum rendered artificially 
icteric by the addition of known amounts of bilirubin in the form of its sodium 
salt, and it is the results of these studies which are now reported. 


Experimental 


Construction of Calibration Curves 


Two photometric instruments, an Evelyn Photoelectric Colorimeter and a 
Beckman D.U. Spectrophotometer, were calibrated for bilirubin according to 
the method of Malloy and Evelyn (10) using the green filter (540) with the 
Evelyn, and a wave length of 540 my and a slit width of 0.05 mm. for the 
Beckman. The bilirubin used was a pure crystalline Hoffman-LaRoche 
product, easily and completely soluble in chloroform at room temperature. 
The specific extinction coefficient, i.e. the ratio of the optical density of the final 
colored solution to the bilirubin content in wgm. per ml. of that solution, was 
found to be 0.168 for the Evelyn (the value recorded by Malloy and Evelyn) 
and 0.099 for the 1 cm. cuvettes of the Beckman. 

A second calibration curve was then constructed for each instrument using 
instead of a chloroform—alcohol solution of bilirubin, serum of known bilirubin 
content. The procedure was as follows: 

Three milliliters of the stock chloroform solution of bilirubin used for the 
previous calibration were pipetted into a test tube and held in a boiling water 
bath until the solvent had just evaporated, the last traces of chloroform being 
removed by gentle suction. The finely divided residue of bilirubin was dis- 
solved in 0.1 ml. of 2% sodium carbonate solution, 3 ml. of normal serum added 
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immediately, and the whole well mixed. In all cases a clear solution resulted 
containing a known amount of added bilirubin, without any appreciable change 
in pH. In accordance with the Malloy and Evelyn technique this serum was 
then diluted with 26.9 ml. of water to give a 10-fold dilution. Six test tubes 
were set up into which were pipetted serially 1 to 6 ml. of the diluted icteric 
serum. The contents of each tube were then made up to 6 ml. by the addition 
of the appropriate amounts of the original normal serum in 10 times dilution. 
By this means six samples of diluted serum were obtained, each containing a 
different but known amount of added bilirubin. A seventh tube, containing 
6 ml. of normal diluted serum only, furnished a control. From each tube 4 ml. 
were pipetted into an Evelyn tube, 1 ml. of the diazo reagent added, followed 
by 5 ml. of methyl alcohol, and the resultant colors read in the photometric 
instrument after a lapse of 30 min., the time period recommended by Malloy 
and Evelyn. The optical density value of the control represented the light 
absorption due to the preformed bilirubin plus the other constituents present 
in the final solution and, as this was common to all seven tubes, by subtracting 
this value from the others, a series of optical densities were obtained each of 
which was plotted against the corresponding amount of added bilirubin. The 
resultant curves, together with the standard calibration curves, are shown in 
Fig. 1. 
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Fic. 1. Calibration curves for serum bilirubin determination using (A) the Evelyn 
Photoelectric Colorimeter and (B) the Beckman Spectrophotometer t1 cm. cuvettes). 
Al and Bi—Standard curves prepared from bilirubin in chloroform-alcohol solution; 
A2 and B2—Curves prepared from bilirubin added to serum as the sodium salt. 
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The Relationship Between Optical Density and Bilirubin Content 


It will be seen from Fig. 1 that the calibration curves for bilirubin in serum 
are not superimposable upon the standard curves, the specific extinction 
coefficient for the Evelyn being 0.148 instead of 0.168, and for the Beckman, 
0.089 instead of 0.099. This would seem to indicate that when using the 
Malloy and Evelyn calibration curves as standards for the determination of 
bilirubin in serum, the values obtained will be too low by some 12 to 15%. 
This is not in agreement with Malloy and Evelyn who recorded recovery values 
for bilirubin added to serum, varying from 96 to 103%. They gave no details 
however and since Gray and Whidborne (3) have confirmed that bilirubin in 
chloroform—methanol solution can be determined quantitatively when added 
to the Malloy and Evelyn reaction mixture, it is possible that this was the 
procedure used. The recovery experiments of King and Coxon (8) were also 
carried out by adding bilirubin in chloroform-ethanol solution to mixtures 
of serum and alcohol and then diazotizing. In none of these recovery experi- 
ments was the bilirubin actually in solution in the serum, nor are we aware of 
any previous work in which calibration curves have been constructed for 
bilirubin in serum in the absence of traces of chloroform. Gray and 
Whidborne (4) prepared artificially icteric serum by a method similar to 
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the one now reported, and determined the bilirubin values by a modification 
of the Rappaport and Eichhorn procedure (11). Their standard calibration 
curve however was prepared from a bilirubin solution in chloroform-ethanol. 

Another point of difference to be noted in Fig. 1 is that whereas in the stan- 
dard curves, Beer’s law is obeyed, at least within the range recorded, the 
curves for serum are only linear up to 6 ugm. per ml. of colored solution, 
representing a bilirubin value of 14.5 mgm. per 100 ml. serum. This is in 
agreement with Gray and Whidborne (3) who reported that Beer’s law is not 
obeyed by solutions of azobilirubin in concentrations corresponding to more 
than 1.6 mgm. of bilirubin per 100 ml. of final solution. Since they were using 
the Rappaport and Eichhorn method in which the final solution is nine times 
the volume of the serum, this represents a bilirubin concentration of 9 X 1.6 
or 14.4 mgm. per 100 ml. serum. Confirmation of the observation that 
bilirubin when present in serum in high concentration does not obey Beer’s 
law was obtained by a slightly different procedure. Samples of very icteric 
sera obtained from patients with pronounced jaundice were diluted in various 
proportions with a normal serum, and the azobilirubin color intensity of each 
dilution was determined in the usual way and plotted against the proportion 
of icteric serum present. In Fig. 2 are shown two typical curves exhibiting 
deviations from linearity. 


Effect upon Color Production of Variations in the Strength of the Diazo Reagent 


The diazo reagent is prepared by adding 0.3 ml. of 0.5% sodium nitrite to 
10 ml. of a 0.1% solution of sulphanilic acid containing 15 ml. concentrated 
hydrochloric acid per liter: although this amount is generally regarded as 
adequate it was decided to investigate the effect, if any, of higher concen- 
trations of the diazonium salt upon the color produced with very icteric sera. 
Five strengths of sulphanilic acid solution were therefore prepared containing 
1, 2, 3, 4, and 5 gm. respectively per liter, sodium nitrite solution was added 
in the same relative proportions, and the resultant reagents were added to 
samples of icteric sera in the usual way. In Fig. 3 are shown two typical 
results: Curve A represents azobilirubin color development measured in the 
usual way 30 min. after addition of the reagent (total bilirubin); in the other 
‘ curves the reagents have been allowed to act upon the diluted serum directly, 
i.e. without addition of alcohol, and B, C, and D, represent the resultant color 
after 1, 15, and 30 min. respectively (the so-called ‘direct bilirubin’). 


It is obvious from Curve A that increasing the strength of the diazo reagent 
has practically no effect upon the amount of azobilirubin color finally produced. 
In Curves B, C, and D, however, the reaction has been interrupted before 
maximum color development and the apparent increase therefore can only be 
due to an acceleration of the coupling reaction, this acceleration being most 
effective when the strength of the reagent is trebled. It seemed probable 
that this acceleration would also be effective in presence of alcohol in the deter- 
mination of the total bilirubin, although this was not apparent under the 
conditions of the experiment. Accordingly in a further experiment the color 
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Fic. 3. Effect upon azobilirubin color production from icteric serum of increasing the 
strength of the diazo reagent. A: “Total bilirubin”; B: 1 min. “direct”; C: 15 min. 
“direct’’; D: 30 min. ‘‘direct’’. 


developed by the 3 gm. per liter sulphanilic acid reagent upon both ‘‘total”’ and 
“‘direct’’ bilirubin was observed at intervals up to 60 min. and compared with 
the corresponding color development in the same serum, using the ordinary 
1 gm. per liter sulphanilic acid reagent. The results shown in Fig. 4 confirm 
the accelerating action of this stronger reagent in color production in both 
“direct”’ and “‘total’’ bilirubin determinations. In the case of the latter, with 
the stronger reagent as much color is developed in 5 min. as in 30 min. with 
the ordinary reagent, while the flattening of the curve indicates that this 
represents, within the limits of error, almost maximum color development. 
Since Malloy and Evelyn considered that a 30 min. period was sufficient for 
color development with the ordinary reagent, the use of this stronger reagent 
enables the reaction time to be materially reduced. 


Discussion 


As stated previously the original objective of these studies was to determine 
whether serum bilirubin values determined photometrically by comparing the 
azobilirubin color with that from a chloroform—alcohol standard solution of 
bilirubin represented the true bilirubin content of the serum, and whether 
these photometric measurements obeyed Beer's law. If the assumption be 
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Fic. 4. Curves showing rate of azobilirubin color development from an icteric serum 
treated with (A) the new stronger diazo reagent; (B) the ordinary diazo reagent. 
Al and B1: ‘Total bilirubin’; A2 and B2: “Direct bilirubin’. 


accepted that serum rendered artificially icteric by addition of sodium bili- 
rubinate behaves towards the diazo reagent in presence of alcohol in a similar 
manner to that of naturally icteric serum, then the evidence of Fig. 1 indicates 
that bilirubin values reported using the Malloy and Evelyn standard are less 
than the true bilirubin content of the serum. The difference according to 
Fig. 1 should be about 12 to 15%, but is actually less than this owing to a 
curious error in assessing the dilution factor. In Malloy and Evelyn’s original 
paper the assumption is made that when 5 ml. of methyl alcohol are added to 
4 ml. of diluted serum plus 1 ml. of diazo reagent, the total volume is 10 ml. 
giving a dilution factor for conversion to concentration per 100 ml. of serum 
of (10/0.4) X 100 or 2500. This is not correct since no allowance has been 
made for the shrinkage in volume due to the admixture of an aqueous liquid 
with an equal volume of absolute alcohol. We have found the total volume 
to be 9.7 ml. giving a dilution factor of 2425. Allowing for this 3% dis- 
crepancy, reported values for bilirubin determined by the Malloy and Evelyn 
procedure would appear to be about 10% less than the true bilirubin concen- 
tration. 

If this is the case it might be a possible explanation of the difference between 
serum bilirubin values determined by the Malloy—Evelyn method and those 
obtained by the method of Jendrassik and Grof (7), since With (17) has 
claimed that the latter procedure gives higher values. This has been con- 
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firmed by Deenstra (1) who suggests that the caffeine-sodium benzoate buffer 
of the Jendrassik—Grof method has a greater catalytic effect upon azobilirubin 
formation than methyl alcohol. On the other hand Ducci and Watson (2) 
contend that it is the alkali (Fehling II) added in the Jendrassik—Grof tech- 
nique which is responsible for the higher values and that these may be due to a 
secondary reaction of the alkali and caffeine on the azobilirubin. Certainly 
the Rappaport and Eichhorn procedure which uses a caffeine buffer at a pH 
of about 3.2 does not yield bilirubin values any higher than those by the 
Malloy and Evelyn method (3). Evidently more information is required 
regarding the formation under varying con‘itions of the azobilirubin complex. 

This is borne out by the evidence now submitted that the azobilirubin 
coupling reaction can be markedly accelerated by increasing the strength of 
the diazo reagent. If a sulphanilic acid solution be made up containing 3 gm. 
of the acid and 15 ml. of concentrated hydrochloric acid per liter, then a new 
and stronger diazo reagent is prepared by adding to 10 ml. of this solution, 
0.5 ml. of 1% sodium nitrite solution. Using this reagent the intensity of 
the azobilirubin color can be measured five minutes after addition of the 
diazo reagent instead of the 30 minute period required with the ordinary 
reagent. The acceleration of the coupling reaction is also effective when the 
reaction is carried out in absence of alcohol to determine the concentration of 
“direct” bilirubin, but this brings up another problem, since it is customary 
in this connection to measure the color intensity at some selected time during 
color development. Watson and his associates (2, 14, 15, 18) determine the 
direct bilirubin by measurement of the color produced one minute after addi- 
tion of the diazo reagent, and claim that this one-minute direct bilirubin has 
clinical significance. This is based upon the hypothesis that the reaction curve 
of an icteric serum with the diazo reagent is indicative of the presence of two 
substances having different reaction times, the sharp rise during the first 
minute being due to a ‘prompt’ component and the subsequent slow steady 
increase due to a “‘delayed’’ component. 


This view has been criticized by Klatskin and Drill (9) on the grounds that 
the rate of reaction is more likely to be determined by chemical or physical 
factors in serum rather than by the presence of variable mixtures of two types 
of bilirubin reacting at different rates. 

In the “‘direct’”’ curves shown in Fig. 4 it is evident that by the use of the 
stronger reagent there is a greater color development at all stages from 1 to 
60min. The twocurves, however, are parallel, indicating that the accelerating 
effect is almost entirely confined to the first minute of the reaction. This 
tends to support Watson’s contention rather than that of Klatskin and Drill, 
because, if the latter view is correct, one would expect the accelerating effect 
to be sustained and result in a curve which would diverge from that of the 
ordinary reagent. 

The failure of the artificially icteric serum to observe Beer’s law beyond a 
concentration of 6 wgm. bilirubin per ml. final solution raises some interesting 
points. Determinations by the Malloy and Evelyn procedure use the standard 
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calibration curve which is shown in Fig. 1 to be quite linear up to a concen- 
tration of at least 9 ugm. per ml. final solution and in fact Gray and Whidborne 
have shown that Beer’s law is obeyed up to a point equivalent to 35 mgm. 
bilirubin per 100 ml. serum. As they took the dilution to be 25 this represents 
14 wgm. per ml. final solution. Since it is generally assumed that bilirubin in 
serum behaves towards the diazo reagent in the same way as does bilirubin in 
chloroform—alcohol solution, the contention of Gray and Whidborne that there 
is a divergence from Beer’s law at a relatively low concentration of azobilirubin 
has been either tacitly ignored or dismissed on the grounds that quantitative 
determinations are carried out at much lower concentrations (18). 

It is unfortunate that Gray and Whidborne did not emphasize that the point 
at which the azobilirubin curve deviated from Beer’s law represented a bilirubin 
concentration of 14.4 mgm. per 100 ml. serum. They have shown that not- 
withstanding the difference in the technique, serum bilirubin values obtained 
by the Rappaport—Eichhorn method were in reasonably good agreement with 
those by the Malloy—Evelyn procedure. The assumption could therefore be 
entertained that since in the one method Beer’s law is not followed above 14.4 
mgm. bilirubin per 100 ml. serum, the same consideration might apply to the 
other. This is borne out by the present study. We have shown in Fig. 1 
that the azobilirubin color intensity progresses in a linear manner up to an 
optical density of about 0.8 with the Evelyn colorimeter and about 0.5 with 
the 1 cm. cuvettes of the Beckman instrument. This is a reasonable range and 
indicates that the usual Malloy and Evelyn technique employing a 1:10 diluted 
serum is satisfactory for sera in which the bilirubin concentration does not 
exceed 15 mgm. per 100 ml. For concentration of a higher order, a greater 
degree of initial dilution is required to keep the azobilirubin color intensity 
within the limits of linearity. In this connection it should be noted that in 
Watson’s studies a slightly modified Malloy-Evelyn method with a 1 : 20 
dilution is used, and a 1 : 100 dilution is recommended if necessary (18). 
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THE EFFECT OF ULTRAVIOLET RADIATION UPON ENZYMATIC 
ACTIVITY AND VIABILITY OF THE YEAST CELL! 


By J. G. ALpous? anp D. K. R. STEwart* 


Abstract 


Suspensions of the cells of baker’s yeast were irradiated with ultraviolet light 
for sufficient times to produce po ulations of 75, 50, 30, and 5% viable cells. 
After washing and drying, various enzyme solutions were prepared from these 
cells. Enzymatic activities, on a nitrogen basis, were compared to those of 
solutions prepared from a nonirradiated population. At the 50% survival level, 
hexokinase, carboxylase, and zymase were inhibited to a degree roughly pro- 
portional to the viability. Carboxylase, and to a certain extent, hexokinase 
activity varied directly as the population viability. Catalase, alcohol dehydro- 
genase, and lactic dehydrogenase showed no diminution in activity even at the 
5% survival level. These results suggest that although ultraviolet radiation 
may produce nuclear damage, the primary site of action may be certain enzymes 
of the cytoplasm. 


Introduction 


Ultraviolet light has long been used for its germicidal properties in the 
sterilization of air and inanimate material. Despite the voluminous literature 
on the effects of this form of radiation, little but confusion has arisen from 
attempts to analyze its mechanism of action. At least two factors appear to 
be responsible for this situation: (a) Because of the inherent complexity of 
analyzing the cell as a unit, resort has been made to the irradiation of solutions 
of cellular enzymes. If these enzyme preparations are not crystalline in the 
first place, foreign protein material is always introduced into the solution. 
The latter may, or may not, absorb the incident radiation thus modifying the 
inactivation which might have been seen had an homogenous enzyme prepara- 
tion been utilized. On the other hand, when a solution of a crystalline enzyme 
is used, a new complication enters, for now it may be observed that the 
enzyme in solution behaves in quite a different manner toward the radiation 
than it does when it exists within the intact cell. In other words, the physical 
state of the protein may very materially determine its sensitivity to ultraviolet 
light (8). (6) Those studies, in which an attempt has been made to analyze 
the action of ultraviolet light im vivo, suffer from one of several common 
defects which makes comparison of results extremely difficult, if not impossible. 
These are: failure to control pH, or temperature, failure to report dosage of 
radiation, or, report of the dosage in terms which do not permit an extra- 
polation to lethal values. These, and many others are the contributing 
factors here. 


In spite of the heterogeneity of techniques and material which have been 
used, most investigators are in agreement on one point and that is, if given 
in sufficient doses, ultraviolet light will inactivate a variety of enzymes. A 


1 Manuscript received July 14, 1952. 

Contribution from the Department of Pharmacology, Dalhousie University, Halifax, N.S. 
2 Professor of Pharmacology. 
3 Graduate student, Department of Pharmacology. 








562 CANADIAN JOURNAL OF MEDICAL SCIENCES. VOL. 30 


few investigators have reported an increase in activity after irradiation (5, 6). 
The disagreement arises when one attempts to find which enzyme (or enzymes) 
is specifically inactivated when a cell is killed by exposure to ultraviolet light. 

In the present study we have sought to employ experimental methods which 
meet most of the objections raised in the discussion above and which will 
provide an answer to the question ‘‘Is any one enzyme system in the intact 
cell affected to a greater extent than others are by a dose of radiation which is 
sufficient to lower the population viability to 50% of normal?”’. In phrasing 
the question in this manner the two factors which lead to the most conflict of 
opinion in this type of work are defined in terms of the physiology of the 
intact cell. Thus the dose of radiation is to be measured as that quantity 
necessary to kill one half of the cells in the population, while the physical 
state of the protein is the native (intracellular) state. 


Methods 


Preparation of Irradiated Yeast 


The cells in 50 gm. of Fleischman’s cake yeast were freed from ‘‘filler’’ by 
repeatedly washing them with distilled water. The washed cells were then 
made up as a 10% suspension in M/20 potassium dihydrogen phosphate 
containing 5% of glucose. This stock suspension of ‘‘resting’’ cells was 
aerated for one-half hour before subjecting it to irradiation. 

The irradiation was carried out by placing a rectangular dish containing 
150 ml. of the yeast suspension directly beneath the ultraviolet lamp (‘‘Sun 
Kraft’”” Cold Quartz Ultraviolet Apparatus). The dish was mechanically 
rocked to-and-fro, the number of excursions and the angle subtended to the 
horizontal being so chosen that the suspension was caused to flow back and 
forth in a thin film over one half of the bottom of the dish. The vertical 
distance from lamp to suspension (six inches) and the length of the irradiation 
period (50 min. at room temperature) were determined from preliminary 
experiments as being the conditions necessary to reduce the population 
viability to about 50% of normal. When a large volume of yeast suspension 
was to be irradiated, this was done in lots of 150 ml. which were then pooled 
and thoroughly mixed. A 1-ml. aliquot of the irradiated material was serially 
diluted and subsequently plated out in gelatin growth medium (11). Four 
days later the colonies on the culture plates were counted and compared in 
number to those appearing on plates which had been inoculated with an 
identically-diluted aliquot of the suspension removed just prior to irradiation. 

Upon completion of irradiation the cells in the suspension were centrifuged 
free of the glucose-containing medium and were then washed three times with 
distilled water. The packed cells from the final centrifugation were spread 
in a thin layer on the inside of a glass bowl and allowed to dry at room tem- 
perature for 24 hr. Air from the compressed air line was run in slowly to 
assist evaporation. The drying was completed by placing the material over 
calcium chloride for a further 24 hr. The flakes of yeast were then ground in 
a Wiley Mill (No. 40 mesh screen) and stored in this form until used. 
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Preparation of Control Yeast 


Fleischman’s yeast was freed from ‘“‘filler’’ and washed repeatedly with 
distilled water. The cell paste was then submitted to the drying and grinding 
procedures as outlined above. 


Preparation of Enzyme Solutions 


Extraction and partial purification of zymase, carboxylase, catalase, alcohol, 
and lactic dehydrogenases were carried out according to procedures which 
have been described previously (1). 


Hexokinase 


This enzyme was prepared according to a modification of the method of 
Kunitz and McDonald (9). One gram of yeast powder was suspended in 
5 ml. distilled water. Six milliliters of toluene which had previously been 
heated to 40° C. was added. The mixture was then heated to 37°C. ona 
water bath and was allowed to autolyze at room temperature for two to three 
hours. The solution was cooled to 10° C. on an ice bath, 9 ml. cold distilled 
water was added, and the mixture was allowed to stand for 18 hr. at 5° C. 
The toluene and cell debris were then centrifuged down and discarded. 
Sufficient solid ammonium sulphate was added to the supernatant fluid to 
bring the solution to 0.5 saturation. The precipitate was spun down and 
discarded. Additional ammonium sulphate was added bringing the solution 
to 0.7 saturation and flocculation of the enzyme was assisted by storing the 
mixture at 5° C. for two hours. Following centrifugation, the precipitated 
protein was taken up in 8 ml. 0.02 M phosphate buffer, pH 7.0, containing 
1% of dextrose. 

Since hexokinase transfers one phosphate group from adenosine triphosphate 
to glucose with the liberation of one hydrogen equivalent of acid, the activity 
of the preparation may be determined titrimetrically using phenol red as 
indicator. Kunitz and McDonald's technique had to be modified here 
because of the opalescent nature of the partly purified hexokinase solutions. 
The method finally adopted was as follows: a color standard containing 
enzyme, indicator, and buffer, but no substrate, was set at 100% transmission 
at 550 my (Coleman Junior Spectrophotometer). The complete reaction 
mixtures were quickly titrated to this same optical density with 0.01 N 
sodium hydroxide containing phenol red. After 30 min. at 5° C. the mixtures 
were retitrated to 100% transmission and the volume of 0.01 N sodium 
hydroxide noted. According to Kunitz and McDonald's definition, each 
0.03 ml. of sodium hydroxide, under the above conditions, is equivalent to 
one unit of enzyme. 


Nitrogen Determinations 


In all cases 0.5 ml. of enzyme solution was precipitated and washed with 
cold ethyl alcohol. Nitrogen was determined by the micro-Kjeldahl method 
(cf. (1)). 
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Calculation of Specific Activities 

The specific activity has been defined in a previous communication (1) as 
the ratio of the activity to the nitrogen content of a given aliquot of enzyme 
solution. For sake of convenience, the specific activities of the treated and 
control preparations have been expressed in the form of a ratio so that a treated 
preparation showing a specific activity ratio of 0.5 has been-inhibited to the 
extent of 50%, while one which has not been affected by treatment will have 
a ratio of 1.0. 


Calibration of the Ultraviolet Light 

According to the manufacturers, 86% of the emission of the lamp is at 
2537 A, while visible light constitutes only 5% of the spectrum. 

An uranyl oxalate actinometer (10) in a modified form was used to calibrate 
the lamp. Uranyl oxalate in excess of oxalic acid was used. The oxalic acid 
is decomposed by the action of light and the uranyl] salt acts as the sensitizing 
agent. The solution may be titrated before and after irradiation to determine 
the amount of oxalate decomposed. The quantum yield is almost independent 
of wave length of the incident radiation from 2000-4000 A, and since the 
quantum yield is known, the energy absorbed in the solution can be calculated. 

For calibration the following procedure was employed: uranyl oxalate, 
prepared by precipitation from uranyl nitrate with sodium oxalate was 
purified by crystallization from water. A solution 0.01 M with respect to 
uranyl oxalate and 0.05 M with respect to oxalic acid was prepared and 
stored in the dark. A 150 ml. sample of this solution was placed in the 
irradiation dish (6 in. X 10 in.) and subjected to the same conditions of shaking 
and temperature as the yeast suspension. Both time and distance from the 
lamp were varied. From each 150 ml. sample, three aliquots were titrated 
against 0.1 N potassium permanganate at the beginning and three at the 
completion of the irradiation period. The average difference in triplicate 
titrations did not exceed 0.02 ml. 


TABLE I 
CALIBRATION OF THE ULTRAVIOLET LAMP IN TERMS OF THE ENERGY ABSORBED BY A SOLUTION 


OF URANYL OXALATE EXPOSED UNDER CONDITIONS IDENTICAL TO 
THOSE USED IN THE IRRADIATION OF THE YEAST CELLS 











Distance (in.) Quanta/hr./10% Ergs/hr./107 Cal./hr. 
2 11.23 8.74 2.01 
3 7.58 5.89 1,36 
4 5.34 4.15 0.95 
| 3.72 2.90 0.67 
6 2.74 2.13 0.49 
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The values in milliliters permanganate were converted to quanta per hour 
absorbed in the solution using a quantum yield of 0.60. A calibration graph 
was prepared from these data and the values given in Table I were obtained 
from it by interpolation. The energy relationships may be expressed by the 
equation: 


Y = ae 
where Y = energy in ergs/hr./10’ 
x = distance of lamp from solution 
a = 16.52 
b = —0.343. 


Results and Discussion 


The results shown in Table II are average specific activity ratios for each 
of the enzymes investigated together with the standard deviations (S.D.) of 
these ratios. While the individual activities were measured at least in 
duplicate, the values given for carboxylase, hexokinase, and alcohol dehydro- 
genase represent the analysis of four different populations of irradiated yeast, 
each showing a population viability of 50%. The analysis of three such popula- 
tions contributed to the values for zymase and lactic dehydrogenase. Since 
the determination of catalase was not undertaken until later in the investi- 
gation, there are no data for a population of 50% viability. For sake of 
comparison, activity ratios from a population showing a viability of 30% are 
included in the table. Nitrogen determinations were made in duplicate on 
each solution of enzyme. 


TABLE II 


THE ACTIVITIES OF ENZYMES PREPARED FROM YEAST CELLS IRRADIATED WITH ULTRAVIOLET 
LIGHT AND SHOWING A 50% SURVIVAL, TOGETHER WITH THE NITROGEN 
CONTENTS OF THE INDIVIDUAL PREPARATIONS* 








Nitrogen content 








ss rae F Control Irradiated oy 
Zymase 3 1.38 + 0.87 1.04 + 0.64 0.58 + 0.09 
Carboxylase 4 4.90 + 2.20 4.29 + 1.93 0.64 + 0.06 
Hexokinase 4 3.25 + 0.62 3.10 + 0.44 0.60 + 0.17 
Catalase** 2 0.50 + 0.42 0.57 + 0.47 0.97 + 0.014 
Alcohol dehydrogenase 4 6.35 + 0.23 0.32 + 0.15 0.92 + 0.043 
Lactic dehydrogenase 3 $.28 + 1.95 2.38 + 1.16 0.94 + 0.085 

















*n = Number of irradiated populations analyzed; S.A.R. = ratio of irradiated/contro 
Specific activity; nitrogen content in milligrams with standard deviations. 
** Population viability 30%. 
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From the activity ratios it may readily be seen that the six enzymes investi- 
gated fall into two classes with respect to their sensitivity toward ultraviolet 
light. Catalase, as well as the two dehydrogenases, appear to be unaffected 
by the radiation while zymase, carboxylase, and hexokinase are depressed to 
an extent which is roughly in keeping with the population viability 
(51 + 10%). 

These data provide a partial answer to the question of the specificity of 
action which was raised in the Introduction. The relation of these results 
to the viability of the cell, however, requires further consideration. The fact 
that those enzymes which are inactivated are inhibited to a degree roughly 
in keeping with the population viability may be merely fortuitous. To relate 
viability to enzyme inactivation would require a demonstration of propor- 
tionality between these two variables. 

At this point in the investigation a series of experiments were made to test 
the above relationship. Suspension of yeast cells were irradiated for varying 
periods of time in order to produce populations of 75, 30, and 5% viabilities; 
enzymes were then extracted from the dried cells and their activities deter- 
mined in exactly the same manner as was used to analyze the characteristics 
of the population showing 51% viability. 

Table III summarizes the results of these experiments and incorporates the 
data of Table II in order to complete the picture as far as possible. The 
specific activity ratios (S.A.R.) as given are averages of the number of samples 
indicated by the value of nm. It should be pointed out again here that m refers 
to the number of populations of irradiated yeast used to obtain the values 
shown in the table. Actual activity determinations were performed either in 
duplicate or triplicate. Standard deviations of the specific activity ratios are 
included to indicate the spread of the values contributing to the averages. 

Table III provides information on at least three aspects of the problem. 
(1) It shows that those enzymes (catalase, alcohol, and lactic dehydrogenase) 
which are stable to ultraviolet radiation at the 51% survival level continue 
to exhibit this stability down to the 5% survival level. (2) On the other 
hand, the activities of zymase, carboxylase, and hexokinase show a variation 
with population viability. The data relating these variables are most com- 
plete for carboxylase and hexokinase. With respect to carboxylase, where 
the standard deviations are low, there appears to be a direct relation between 
viability and enzyme activity. This same relation is indicated in the case of 
hexokinase, but the standard deviations at the 75 and 51% survival levels are 
rather large. (3) Even at the 5% survival level, there still remains 30-40% 
of the control specific activity. This finding is in no sense unique; many 
workers have observed similar situations with respect to the respiratory 
activity of intact cell suspensions which have been exposed to chemical 
agents (3, 4). 
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Virtually nothing is known about the ultraviolet sensitivity of these enzymes 
in their intracellular state except in regard to catalase. Kaplan reports that 
the behavior of catalase (beef red cells) towards heat and ultraviolet light 
depends upon whether the enzyme is intracellular or in solution; while inside 
the cell the enzyme is more resistant to heat inactivation and “‘is quite resistant 
to intensities of ultraviolet irradiation to which the extracted solution is 
sensitive” (8). Euler and Gunther (2) recorded an increase in the catalase 
activity of ultraviolet-irradiated yeast cells, while Fuller reported a like 
observation for the catalase activity of plant tissue irradiated with ultraviolet 
light (5). 

Indirect evidence for the intracellular sensitivity of yeast enzymes toward 
ultraviolet radiation has been presented by Giese and Swanson (7). Using 
irradiated yeast cell suspensions whose viability was of the order of 1 : 40,000 
this author attempted to determine the point of injury in the enzyme chain 
by the addition of various metabolites to the injured, but intact cells. The 
assumption was made that if one adds metabolites, the catalysts for which are 
beyond the point of radiation injury in the enzyme chain, there should be no 
difference in the rate of reaction between an irradiated and a nonirradiated 
cell suspension. By this method it was found that the pyruvate and alcohol 
systems had been damaged by the radiation. Giese concludes ‘‘the results of 
ultraviolet radiations on respiration suggest a rather general destruction of 
enzymatic constituents of the cell.’’ While this may be true for doses of 
radiation as high as Giese used, it should also be kept in mind that the validity 
of the assumption upon which his analytical method is based is open to 
question. The present views of the metabolic pathways in yeast do not 
visualize these enzymes functioning as independent entities, but rather as 
steps in a cycle which may be dependent upon other cycles (e.g. breakdown 
and reconstitution of adenosine triphosphate). Failure to oxidize alcohol, 
for example, does not necessarily imply a block at, or beyond, alcohol dehydro- 
genase. It might indicate that coenzyme I is not being generated at a much 
earlier stage, or again, it may mean that some interdependent reaction has 
been inhibited. 

Workers in the field of radiation biology will become immediately aware of 
the fact that the data of Table III indicate a mechanism of action which 
stresses a somewhat different point of view from that which is currently held. 
There is abundant evidence in the literature to support the suggestion that the 
site of the lethal action of ultraviolet radiation is the nucleus. The nuclear 
material absorbs strongly in the 2537 A region resulting in genetic changes. 

The results of the present investigation show damage to enzymes which are 
extranuclear in origin. This damage may either be (a) the result of primary 
nuclear damage and subsequent failure of the cell to synthesize new enzyme 
material, or (6) an inactivation of the enzymes per se by the absorbed radiation. 
Spiegelman and co-workers have presented evidence to show that the synthesis 
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of cytoplasmic enzymes may be under control of certain genes (13) and that 
the synthesis of adaptive enzymes may take place fairly readily even in the 
“resting’’ state (14, 15). Since there is little reason to doubt that the con- 
stitutive enzymes of the cell are being continually broken down and resynthe- 
sized, the inactivation which has been observed in the present study might 
well be a reflection of a failure of the synthetic processes. Thus viewed, 
damage to the nuclear material would be the primary action of the radiation. 

However the synthetic processes rely for their supply of energy upon the 
metabolism of carbohydrate and any “agents (which) can inhibit not only 
enzymatic adaption, but also cell division, regeneration, nitrogen and carbo- 
hydrate assimilation . . . . would appear to (be). . . . interfering with the 
primary energy source of the cell’’ (12). 

It is logical to expect cytoplasmic enzyme damage to precede nuclear 
damage, since nuclear activity appears to depend for its energy upon the 
exergonic reactions of the cytoplasm. The data of Table III are consistent 
with this suggestion; both carboxylase and hexokinase are important units in 
the energy-yielding chain of reactions the latter being concerned with the 
initial uptake of carbohydrate by the cell. 

Although the data in Table III suggest that some enzymes of the yeast cell 
are resistant to the action of ultraviolet radiation it is important to realize 
that this fact may be more apparent than real. Since most proteins absorb 
ultraviolet strongly, the data may indicate that certain enzymes are located 
in the periphery of the cell and being thus situated absorb the incident radia- 
tion and effectively ‘‘shield” those enzymes which are more centrally located. 
This consideration raises the interesting question as to whether biological 
stability (considering the cell as a unit) might be dependent upon such orienta- 
tion phenomena. Were this to be so, then analytical procedures which seek to 
determine the biological specificity of radiation damage by the irradiation of 
cellular extracts might give totally irrelevant data. 

The likelihood of catalase and the two dehydrogenases being stable to the 
action of the radiation cannot be dismissed, especially in the face of the 
evidence which has been previously quoted (5, 6, 8). With respect to red 
cell catalase in particular (8) stability appears to be a property conferred 
upon the enzyme by the physical state of the intracellular protein and is lost 
when this physical state is changed by solubilization. In order to decide 
whether these enzymes are actually radiation-resistant requires the use of a 
type of radiation to which the cell is transparent, e.g. X rays. This work is 
currently in progress in our laboratory. 
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THE IMMEDIATE EFFECTS OF SEVERE LOCAL X IRRADIATION 
ON THE LIVER OF THE HAMSTER! 


By KATHERINE E. LIVINGSTONE? AND Davip J. McCALLIon® 


Abstract 


Opinions regarding the radiosensitivity of the liver, based on clinical and 
experimental studies, differ widely. No comprehensive study of the immediate 
effects of severe local X irradiation upon the cytology of the liver parenchyma 
has been previously undertaken. In the present investigation cytological studies 
were made upon the livers of hamsters at 4-hr. intervals over a 24-hr. period. 
It was demonstrated that the amounts of cytoplasmic basophilia, glycogen, and 
sudanophilic fat show a cyclic variation over the 24-hr. period studied. Adult 
hamsters were exposed to X rays at the rate of 495 r. per minute with a total 
dosage of 2000 r. The field size over the liver was 4 cm. by 2 cm. with the rest 
of the body protected by a lead shield. Following irradiation the animals were 
sacrificed, two at a time, at 4 hr. intervals over a 24-hr. period. The amounts of 
basophilic material in the cytoplasm of the parenchymal cells of the liver were 
considerably decreased at 8 hr. and at 16 hr. after irradiation. At other times 
the cytoplasmic basophilia of the irradiated liver cells was approximately as 
dense as that of the control animals. The density of cytoplasmic basophilia 
showed a cyclic variation approximating that of the controls. The amount of 
glycogen in the irradiated livers was very much decreased, but still showed a 
cyclic fluctuation. There was a striking decrease in the amount of sudanophilic 
fat in the liver cells following irradiation. The results indicate that severe local 
X irradiation of the liver of the hamster has immediate effects directly upon that 
organ, resulting in a disturbance of its normal physiological activities. 


Introduction 


Investigations so far have not produced agreement concerning the degree 
of sensitivity of the mammalian liver to X rays. Pohle and Bunting (20) and 
Rhoades (21) consider thai the liver of the adult mammal is resistant to 
roentgen rays. Warren and Friedman (24) in a review of the pertinent 
literature expressed no definite opinion regarding the sensitivity of the liver 
to X irradiation. On the other hand, Ellinger (8, 9) regards the liver as a 
radiosensitive organ. However, some degree of morphological change in the 
cells of the liver parenchyma following X irradiation has been described by all 
investigators. Aubertin and Beaujard (1) and Mills (16) found that glycogen 
disappeared from the liver of the mouse soon after local X irradiation. These 
observations have been confirmed by several investigators (11, 14, 18, 23). 

An increase in sudanophilic fat has been noted in the liver cells following 
irradiation. Ellinger (9) described small amounts of sudanophilic fat in the 
liver 8 to 10 days after 800 r. total body irradiation. In general the increase 
in sudanophilic fat is a long term reaction to treatment with X rays, appearing 
10 to 14 days after exposure. 

The present paper describes the normal diurnal cycle of the liver of the 
hamster with regard to cytoplasmic basophilia, glycogen, and sudanophilic 
fat. Severe local X irradiation of the liver of the hamster produced changes 
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in the amounts and distribution of these substances during the first 24 hr. fol- 
lowing treatment. There was a considerable decrease in the amount of 
basophilic material in the parenchymal cells 8 hr. and 16 hr. after treatment. 
The amount of stored glycogen in the liver was very much decreased, and there 
was a striking decrease in the amount of sudanophilic fat in the liver cells 
following irradiation. These results indicate that local X irradiation of the 
liver of the hamster has an immediate and direct effect upon that organ. 


Materials and Methods 


The animals used in these experiments were adult golden hamsters from 
the hamster colony at Acadia University. All of the animals used were main- 
tained under uniform conditions before and during the experiments. They 
were all fed, ad libitum, on Fox Food Blox. 

For studies of the diurnal cycle in the liver of the hamster 12 animals were 
sacrificed, two at a time, at 4-hr. intervals, over a 24-hr. period, beginning 
at 2 p.m. Twelve experimental animals were exposed to X ray, given in air, 
at 140 kv.,5 ma. The dosage rate was 495 r. per minute with a total dosage 
of 2000 r. The field size over the liver was4cm. X 2cm. A shield of 1/12 in. 
sheet lead protected the rest of the body. Since the radiation was unfiltered, 
the depth dosage probably varied from 60% to 80%, i.e., the effective dosage 
would be approximately 1500 r. The animals were irradiated at 10 a.m. and 
sacrificed, two at a time, at 4-hr. intervals over a 24-hr. period, beginning at 
2 p.m. Both groups of animals were lightly anesthetized with ether and 
decapitated. Small blocks of tissue were taken immediately from the right 
lateral lobe of the liver and placed in the fixing solutions. 

For routine histological examination tissues were fixed in Bouin’s fluid, 
embedded in paraffin, sectioned at 7 uw and stained in Delafield’s hematoxylin 
and eosin. For the demonstration of glycogen the,tissues were fixed in chilled 
picro-alcohol-formalin (Rossman’s fluid), embedded in paraffin, sectioned at 
5 w and treated with periodic acid — Schiff reagent according to the method of 
McManus (15). Companion sections were incubated in saliva for 15 min. at 
37° C. before treatment with the periodic acid — Schiff reagent. Cytoplasmic 
basophilia was demonstrated in tissues fixed in Zenker-formol, embedded in 
paraffin, sectioned at 5 mw, and stained with Sonnenblick’s toluidine blue 
(0.2% aqueous). Companion sections were incubated in N hydrochloric acid 
for five minutes at 60° C. before staining. Fat was studied in tissues fixed in 
Baker’s (2) formol—calcium and embedded in gelatin. Frozen sections, cut at 
10 w, were treated with Sudan IV and Sudan black B to demonstrate total 
fat. 

Results 
Control Animals 


The cytoplasm of the parenchymal cells of the liver of the hamster is 
moderately basophilic at all times over the 24 hr. period. During that time 
the amounts of basophilic material in these cells show a cyclic variation (Fig. 1). 
The basophilic material is maximal in amount at 2 p.m.; it falls off slightly at 
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Fic. 1. Diurnal variations in degree of cytoplasmic basophilia in the liver of the 
hamster ; 
Fic. 2. Diurnal variations in glycogen deposition in the liver of the hamster. 


Fic. 3. Diurnal variations in the amounts of sudanophilic fat in the liver of the 
hamster. 


6 p.m.; and is again maximal at 10 p.m.; it is minimal at 2 a.m.; and rises 
to a maximum at 6 a.m.; and is minimal again at 10 a.m. There is no zonal 
distribution of the cytoplasmic basophilia within the liver lobule. Control 
sections treated with N hydrochloric acid showed no stain with toluidine blue. 

The deposition of glycogen in the liver of the hamster also varies in a diurnal 
cycle (Fig. 2). Maximal deposition occurs at 2 p.m. and 2 a.m. and minimal 
deposition occurs at 6 to 10 p.m. and 6 to 10 a.m. There was no zonation 
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in the distribution of glycogen throughout the lobule, but there appears to be 
uniform distribution throughout both peripheral and central regions (Fig. 4). 
Glycogen is present in the form of small granules and “‘plaques’’. Control 
sections digested with saliva did not recolor the Schiff reagent. 

Some sudanophilic fat was present in the liver of the hamster as small 
discrete droplets throughout the 24-hr. period. The amounts of fat were 
maximal at 2 p.m. and 2. a.m., with minimal amounts at 6 p.m. and 6. a.m. 
(Fig. 3). In cells showing only a moderate amount of fat the fat was concen- 
trated supranuclearly towards the bile capillaries, but in cells heavily loaded 
with fat the droplets were more or less uniformly distributed throughout the 
cell. There were more sudanophilic fat droplets in the cells near the central 
vein than in those at the periphery of the lobule. However, the zonation 
in the distribution of fat droplets was not constant in all the animals studied. 


Effects of Irradiation 

During the 24-hr. period immediately following X irradiation no gross 
destructive or necrotic changes were observed in the structural elements of the 
liver lobule. There was, however, a definite increase in the number of binu- 
cleate cells found in a given area of a section of the irradiated liver over the 
number in an equal area of section of control liver. The increase was observed 
within four hours following irradiation, becoming less obvious at 24 hr. In 
the control animals the number of binucleate cells in one high power field 
(560) varied from two to nine, whereas in the first 12 hr. following irradiation 
the number in the same field varied from 15 to 20, and during the second 
12 hr. varied from 5 to 15. 

Severe local X irradiation of the liver of the hamster resulted in a sharp 
decrease in the amounts of cytoplasmic basophilia demonstrated in the paren- 
chymal cells at 8 hr. and 16 hr. following irradiation (Fig. 1). At 4 hr. and 
12 hr. following irradiation the amounts of basophilic material were approxi- 
mately the same as those of the controls. Although there was some increase 
in basophilia during the last 8 hr. of the 24-hr. period, the degree of basophilia 
did not reach that of the control maximum. There was no zonal distribution 
of the cytoplasmic basophilia within the liver lobule following irradiation. 

Local irradiation of the liver brought about a general decrease in the amounts 
of stored glycogen in the liver (Fig. 2). Although the deposition of glycogen 
in the liver followed a cyclic variation over the 24-hr. period, the cycle was not 
identical with that of the control animals after the first 12 hr. (Fig. 2). The 
greatest amounts of glycogen were present in the liver at 4 hr., 12 hr., and 
24 hr. after irradiation, while the least amounts were present at 8 and 16 hr. 
after irradiation. The glycogen was demonstrated in the liver as large 
“plaques” and granules, i.e., there was no alteration in the character of the 
glycogen deposits. A glycogen-free area at the periphery of the lobule 
enclosed a glycogen-rich area in the central regions of the lobule in all prepara- 
tions of the irradiated livers (Fig. 5). 











Fic. 4. Distribution of glycogen in the liver lobule of a control hamster at 2 a.m. 
Periodic acid — Schiff reagent. 230. 


Fic. 5. Distribution of glycogen in the liver lobule of an irradiated hamster at 2 a.m. 
(16 hr. after X irradiation). Periodic acid - Schiff reagent. 230. 
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There is‘a striking decrease in the amount of sudanophilic fat present in the 
parenchymal cells of the liver following X irradiation (Fig. 3). Only at 12 hr. 
after irradiation were any appreciable amounts of fat demonstrated in the 
liver. Virtually no fat was demonstrable in the liver at other times during the 
24-hr. period. Tissue sections treated with Sudan IV and Sudan black B 
gave identical results. 


Discussion 


The results of these investigations suggest that severe local X irradiation of 
the liver of the hamster causes an immediate and somewhat marked disturb- 
ance of the normal physiological activities of that organ. The occurrence of 
binuclearity and its origin in liver cells is a complex problem which has been 
extensively reviewed by Wilson and Leduc (25). According to Pfuhl (19) 
fusion and separation of nuclei in a binucleate cell is merely a response to 
physiological conditions in the cell. The two nuclei within a binucleate cell 
may fuse and separate again with change in physiological conditions. The 
appearance of many more binucleate cells soon after irradiation may be such 
a response to suddenly changed physiological conditions. It may also be 
that the nuclei are stimulated to divide endomitotically by X irradiation. In 
the light of the discussion of Wilson and Leduc such an explanation is hardly 
acceptable. 

The amounts of basophilic material in the parenchymal cells of the liver of 
the hamster vary cyclically over the 24-hr. period. A similar cyclic variation 
in cytoplasmic basophilia has been described in the liver of the mouse (Deane 
(6) ).. Although Deane described a zonal distribution of the basophilic mate- 
rial in the liver of the mouse, the basophilic material is more or less uniformly 
distributed in the lobule of the hamster liver. It appears as fine granules 
scattered throughout the cytoplasm with a more intense perinuclear band. 
According to Deane, the basophilic material in the liver cells is related to the 
production of serum proteins by the liver. 

A diurnal cycle in the deposition of glycogen in the liver of the hamster has 
been described. A similar cycle has been described for a number of other 
mammals. The greatest deposition of glycogen in the liver of the hamster 
occurs during the night. This is in agreement with the observations of 
Forsgren (12) for rats, mice, and rabbits; of Ekman and Holmgren (7) for 
mice; and of Bullough and Eisa (3) for mice. On the contrary, Deane’s (5) 
observations on the mouse did not show any greater storage of glycogen during 
the night than during the day. 

Whereas Deane (5) found fat present only in small quantities in the liver 
of the mouse from 12 p.m. to 9 a.m., we found that some fat is always present 
in the liver of the hamster. The fat is deposited in the liver in a cycle over the 
24-hr. period, and has a general direct relationship to the amounts of glycogen 
present. Since both fat and glycogen are primarily of alimentary origin (5) 
such a relationship would be expected. In the liver lobule of the hamster 
there is usually a heavier concentration of sudanophilic fat droplets in the 
cells near the central vein than in those at the periphery of the lobule. The 
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same distribution of fat in the liver of the mouse was described by Grafflin (13) 
and Deane (4, 5). Deane suggests that the zonation in the lobule may be 
due to the better supply of oxygen at the periphery of the lobule which enables 
the peripheral cells to oxidize the fat more readily than the cells near the 
central vein. 

Irradiation of rats is followed by a decrease in food intake and by impaired 
gastric digestion (10). Under these circumstances it would be expected that 
materials in the liver which are of immediate alimentary origin would be 
decreased. The results of the present study indicate that this is true of baso- 
philic materials, glycogen, and sudanophilic fat, although the degree of 
decrease was not uniform. The results also show that the cycle of deposition 
has been shifted so that, in general, the times in the cycles of the irradiated 
animals do not correspond with those of the control animals. Ross and Ely 
(22) found large deposits of glycogen in the livers of fasted irradiated rats 
following various dosages of X irradiation. Their animals were killed 24 hr., 
or longer, after exposure to X rays. They conclude from their results that the 
effect of irradiation on the deposition of glycogen is not a primary one and that 
the effect is not directly upon the liver. However, the decrease in liver glyco- 
gen observed in the hamster immediately following severe loca! X irradiation 
is similar to that described in other animals (1, 11, 14, 16, 18, 23). Further 
evidence that X irradiation has some immediate effect directly upon the live 
is obtained from the fact that in all of the animals studied there was a zonation 
of glycogen within the lobule after exposure to X rays. This fact suggests 
some disturbance in the normal metabolism of the liver. The disappearance 
of fat from the liver immediately following irradiation is quite striking. Since 
the metabolism of fat and glycogen in the liver are related (17), when there is a 
diminution in glycogen in the liver there is also a diminution in fat in the 
liver. Later, from 10 to 14 days after irradiation, there is an increase in 
sudanophilic fat in the liver resulting from injury to the hepatic cells (9, 20). 

The results of the present investigation indicate that severe local X irradia- 
tion of the liver of the hamster has immediate effects directly upon that organ, 
resulting in a disturbance of its normal physiological activities. It is probable 
that the alteration in metabolism of the liver is due to interference with the 
normal enzyme systems of the hepatic cells. 
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THE INFLUENCE OF DIETARY CARBOHYDRATE ON LEVELS OF 
AMINO ACIDS IN THE FECES OF THE WHITE RAT! 


By ALFRED E. HARPER, Mitsuru C. KATAYAMA, AND BOHDAN JELINEK 
Abstract 


The effect of various carbohydrates on the levels of amino acids excreted in the 
feces of rats has been studied. Potato starch, autoclaved potato starch, or 


dextrin each induced much greater levels of aminc acids in the feces than either 
sucrose or glucose. The amino acids appear te be ‘derived mainly from endo- 
genous nitrogen. However, when rats were fed ra s containing unmodified 
potato starch, undigested dietary protein appareutiy contributed a significant 
amount of the amino acids found in the feces. The inclusion of 10% lactose ina 


ration containing sucrose as the source of carbohydrate caused a statistically 
significant increase in the levels of lysine and histidine in the feces. The influence 
of lactose may be related to changes in the intestinal flora. The incorporation 
of ammonium salts into 9% casein diets had no significant effect on the amounts 
of amino acids in the feces. 


Introduction 


The nature of the diet has been shown to influence the quantity of amino 
acids excreted in the feces. Pearson and Panzer (11) found less valine, 
histidine, and methionine in the feces of rats which were fed corn oil in their 
diet than in the feces of rats which were fed diets free of fat. Ross (12) 
observed that breast-fed infants excreted more free amino acids in the feces 
than did infants receiving formulas. The present study demonstrated that 
the carbohydrate component of the diet may influence the quantity of certain 
essential amino acids excreted in the feces of rats. 


Experimental 


Male weanling rats of the Wistar strain, weighing between 40 and 50 gm., 
were housed in individual cages having elevated screen bottoms. Groups, 
consisting of five to six animals each, were fed the experimental rations for 
a period of either four or six weeks. The animals were weighed weekly and 
individual food consumption records were kept. 

The 9% casein rations were fed ad libitum but the food consumption of 
rats fed the rations containing 18% casein was controlled by restricting the 
amount of ration offered. Equal quantities of food were offered during the 
first few days, but when the average food intake reached 10 gm. per day, the 
ration thereafter offered was restricted to this amount. This procedure was 
followed in order to ensure that the nitrogen intake of the various groups 
receiving 18% casein would be similar. 

During preliminary experiments it had been observed that the food intake 
of rats receiving, ad libitum, rations containing 18% casein with either sucrose 
or corn starch as the source of carbohydrate, gradually increased. The male 


1 Manuscript received June 23, 1952. 
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animals grew at a rate of 40 to 44 gm. per week, which is considered to be 
excellent growth. When, on the other hand, the ration contained potato 
starch, food intake did not increase much above 10 gm. per day and normal 
growth could not be obtained. 

The percentage composition of the basal ration was as follows: casein 9, 
carbohydrate 82.6, salt mixture* 4, corn oil 4, inositol 0.1, choline chloride 
0.2, whole liver powder (Wilson’s) 0.1. Vitamins were added so as to 
provide, per kilogram of ration: thiamine 5 mgm., riboflavin 10 mgm., 
pyridoxine 5 mgm., nicotinic acid 5 mgm., calcium pantothenate 25 mgm., 
p-aminobenzoic acid 300 mgm., a-tocopherol 25 mgm., menadione 2 mgm., 
folic acid 2 mgm., biotin 200 ugm., liver oil to provide 60,000 I. U. vitamin A 
and 12,000 I. U. vitamin D. The various rations fed are indicated in Table I. 
All supplements were included in the basal diet at the expense of the carbo- 
hydrate. 

Feces excreted during the first three days of the experiment were discarded. 
Thereafter, the feces from each rat were collected at least twice weekly from 
absorbent paper that had been placed beneath the cage. The feces were 
screened from food particles and hair, and were then air-dried at room tem- 
perature, weighed, and ground for the analyses. 

The proteins in the feces were hydrolyzed by autoclaving 1 gm. of feces in 
20 ml. of 5 N hydrochloric acid for 10 hr. at 120°C. The amino acids were 
determined by the microbiological procedure of Henderson and Snell (3). 
Leuconostoc mesenteroides P-60 was used as the test organism for lysine 
determinations, Lactobacillus arabinosus for valine, and Streptococcus faecalis 
for methionine and histidine. A Cannon titrator (2) with a quinhydrone 
electrode was used throughout for titrations. 

The influence of various carbohydrates on the digestibility of casein was 
studied. The animals were housed in cages with screen bottoms of } in. mesh. 
The cages were supported by metal funnels. To collect the feces, a fine mesh 
screen was placed a few inches above the inverted apex of each funnel. The 
feces were removed every second day and were air-dried for 24 hr. The 
nitrogen in each sample was determined by the micro-Kjeldahl method (1). 
The techniques followed were similar to those used by Mitchell (7). The 
endogenous nitrogen loss for each group, which consisted of three young male 
rats, was determined by placing the rats on a ration containing 4% egg 
albumen as the sole source of protein. Each group was then fed a test ration 
containing 9% casein. In changing from one ration to another, at least 
three days were allowed to elapse before the feces were again collected and 
analyzed. The low nitrogen diet had the same general composition as the 
basal ration except that 4% egg albumen was substituted for 9% casein and 
the difference was made up by increasing the amount of carbohydrate. 

According to Mitchell (7) the nitrogen excreted during the feeding of a low 
protein or nitrogen-free ration is a measure of the loss of endogenous nitrogen 

* Salt mixture 351 (4) with the py | changes: NaF was omitted; MnSO, .4H:0 was 


increased from 0.35 gm. to 16.2 gm.; 60 gm. FeSO, was substituted for 20.5 gm. of FePO, . 4H20; 
800 gm. of Na.HPO, and 0.52 gm. of ZnCl. were added. ‘ 
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which is derived from the intestinal tract and its secretions. The value, 

calculated as fecal nitrogen excreted per gram of food consumed, is used as a 

correction factor in the calculation of the “‘true’’ digestibility of the protein 

in an experimental ration. The true digestibility is then calculated according 

to the formula: 

N intake — (fecal N — endogenous fecal N) X 100. 
N intake 





True digestibility = 


Results and Discussion 


The growth rates of the rats fed the various rations are reported in Table I. 
There were no marked growth differences among groups which were fed 
sucrose, glucose, dextrin, or autoclaved potato starch as the source of carbo- 
hydrate. However, when unmodified potato starch was used as the only 
source of carbohydrate in the diet, the growth rate of the rats was low. The 
rats on this ration excreted white, bulky feces which were found by micro- 
scopic examination to consist largely of undigested starch granules which 
gave a blue color with iodine. Also, the digestion of dietary protein was 
shown to be impaired when unmodified potato starch was used as the sole 
source of carbohydrate. 


TABLE I 


GROWTH RESPONSE OF RATS FED DIETS CONTAINING VARIOUS CARBOHYDRATES 














: Mean | Mean 
Expt. No. — % Casein Ration weekly gain | daily food 
: in weight, gm.| intake, gm. 
I 1 18 Potato starch 13.5 | 9.8 
2 Sucrose 21.9 9.7 
3 Autoclaved potato starch* 22.2 9.9 
4 Glucose 22.2 | 9.7 
5 Dextrin** 20.3 9.8 
| 
Il 6 18 Potato starch a a" 
7 Potato starch and 20% lactose 47.5 9.6 
8 Sucrose 23.5 9.6 
9 Sucrose and 10% lactose 22.1 9.6 
Ill 10 9 Potato starch and sucrose 13.6 9.5 
11 Potato starch and sucrose + 12.4 9.0 
0.619% N*** 
12 Autoclaved corn starch* 13.8 8.4 
13 Autoclaved corn starch* + 8.8 6.8 
0.619 N*** 
14 Corn starch 10.8 8.2 
15 Corn starch + 0.619% N*** 9.1 Pe 




















* Autoclaved starches were prepared by moistening the starch with water and autoclaving at 
120° C. for two hours. The product was dried in the air at room temperature and then ground 
in a Wiley mill. 

** Dextrin was prepared by baking thin layers of potato starch in an oven at 145° C. for eight 
hours with frequent stirring. The product gave a purple coloration on addition of iodine. 
*** Provided as either ammonium citrate or ammonium bicarbonate. 
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TABLE II 


EFFECT OF CARBOHYDRATES ON THE DIGESTIBILITY OF CASEIN 











Initial N Fecal Endogenous True 
Ration Rat No. weight, intake, N, fecal N, digesti- 
gm. mgm. mgm. mgm. bility, % 
Potato starch 4 83 100 40 25 85 
5 84 126 49 29 84 
6 74 94 33 12 78 
Autoclaved 7 80 78 20 14 92 
potato 8 92 101 24 19 95 
starch 9 74 75 17 13 95 
Sucrose 10 69 56 6 5 98 
11 95 99 8 11 100 
12 66 81 4 6 100 























Apparently the lower rate of growth of rats fed the unmodified potato 
starch ration was due to the poor utilization of unmodified potato starch and 
to the coincident decrease in the extent of digestion of the dietary protein. 

The inclusion of lactose at a level of 20% in the unmodified potato starch 
ration improved the growth rate slightly, whereas the incorporation of 10% 
lactose into the sucrose ration did not cause any observable change in the 
growth of rats. Mitchell (9), using diets containing various levels of lactose 
combined with corn starch, found that the growth of rats was practically 
normal on diets containing 30% or less of lactose. Similarly Outhouse, 
Smith, Merritt, and White (10) observed that there was no alteration in 
growth when 25% sucrose or lactose replaced an equivalent amount of corn 
starch in the basal ration. The beneficial effect obtained when unmodified 
potato starch was partially replaced by lactose may have been due to the 
utilization of lactose per se by the rat. 

The rate of gain of rats was not improved by supplementing 9% casein 
rations with ammonium salts. Similar results were obtained by Lardy and 
Feldott (6) when they incorporated ammonium citrate into rations containing 
suboptimal amounts of fibrin or soybean oil meal. 

The values presented in Table III indicate the effects of various carbo- 
hydrates on the progressive weekly excretion of lysine, valine, histidine, and 
methionine in the feces. Potato starch, autoclaved potato starch, and 
dextrin each induced much greater excretion of amino acids in the feces than 
either sucrose or glucose. Mitchell, Hamilton, and Beadles (8) found that 
sucrose, fructose, and lactose caused greater losses of organic nutrients in the 
feces than did glucose. They concluded that carbohydrates may have 
differential effects on the digestibility of the organic nutrients contained in 
the rations. In the study reported here, a significant loss of dietary protein 
was induced by raw potato starch, whereas dietary protein was almost com- 
pletely digested and absorbed when either autoclaved potato starch or sucrose 


n> 
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TABLE III 


EFFECT OF VARIOUS CARBOHYDRATES ON THE WEEKLY LEVELS 
OF AMINO ACIDS IN THE FECES 


The amino acid levels are expressed as mgm. per week 
(mean values + standard error of the mean) 

















No. Ration Week of expt. Lysine Valine Histidine Methionine 
1 Potato 1 48 + 9.0 50 + 3.3 18 + 2.1 1970s & «1.7 
starch 2 73 + 9.1 71 + 7.0 28 + 2.9 22 + 2.4 

3 98 + 6.2 101 + 9.8 37 + 3.0 33 + 2.0 

4 100 + 11.5 100 + 8.2 35 £ 2.7 31 + 2.6 

5 112 + 10.5 108 + 9.6 3s «6+ 2.5 390 + 2.2 

2 Sucrose 1 se i128 eS2& 68 §.0 + 0.45 5.3 + 0.45 
2 14+ 1.0 we 18 5.1 + 0.71 5.5 + 0.39 

3 ai 2 1.3 28 = 1.7 $5.9 + 0.77 8.5 + 0.45 

4 23 + 1.8 a7 2 146 6.3 + 0.74 9.1 + 0.77 

5 26 + 1.8 Wt tA 6.8 + 0.55 8.0 + 0.55 

3 Autoclaved 1 48 + 3.3 52 + 3.0 13 + 0.9 14 + 0.7 
potato 2 67 + 4.0 73 + 6.5 19 = 82 19 + 1.9 

starch 3 71 + 6.0 83 + 6.1 21 + 1.2 24 + 1.5 

4 66 + 8.1 76 + 8.7 21 + 1.6 21 + 2.5 

5 80 + 9.3 Sit 9.1 30 + 2.8 24 4 3A 

4 Glucose 1 17 + 2.3 32 + 4.3 12 + 325 7.3 + 1.32 
2 14+ 3.4 26 + 4.2 10 + 1.4 6.3 + 1.10 

3 3% + 2.0 49 + 2.8 15 £ 1.8 10.8 + 1.26 

4 20 + 2.6 = 2S 8a 9 + 4.8 6.6 + 0.92 

5 27 + 2.4 32 + 2.2 11 + 1.0 9.1 + 0.90 

5 Dextrin 1 7 = S$.4 64 + 4 31 + 2.8 19 + 1.3 
2 73 + 13.9 60 + 11.6 30 + 6.4 18 £ 2.6 

3 97 + 12.0 83 + 10.8 38 + 4.6 31 + 4.0 

4 73 £ 10.2 733 9.9 31 + 4.0 24 + 3.4 

5 103 + 12.5 oe 2 8.3 43 + 4.5 3s) 6+ 3.5 

















was used as the source of carbohydrate (Table II). The extent to which 
dietary protein contributed amino acids in the feces was apparently modified 
by the type of carbohydrate fed. 

The levels of amino acids excreted in the feces were generally lower during 
the first week of the experiment than during the following weeks. During the 
first week the quantity of food consumed by the rats was least. Since Mitchell 
(7) has shown that the endogenous nitrogen excreted in the feces is propor- 
tional to the food intake, the smaller quantity of amino acids from endogenous 
sources could account, in part at least, for the lower levels of amino acids 
found in the feces during the first week. 

That the intestinal secretions and the intestinal microorganisms probably 
contribute the major portion of the amino acids found in the feces is supported 
by the data in Table II, which show that endogenous nitrogen makes up a 
large portion of the nitrogen excreted in the feces. Also, unmodified potato 
starch and autoclaved potato starch, which induced relatively large excretions 
of endogenous nitrogen, were found to induce the highest levels of amino acids 
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in the feces. It thus appears reasonable to conclude that the type of carbo- 
hydrate ingested by the rat may influence the amounts of amino acids from 
endogenous sources which are found in the feces. 

The effect of lactose on the fecal excretion of lysine, valine, and histidine is 
shown in Table IV. The inclusion of 20% of lactose in the potato starch 
ration apparently did not influence the amino acid content of the feces; 
however, the inclusion of 10% of lactose in the sucrose ration caused an 
increase in the amino acid content of the feces. The ¢ test (5) was applied 
and the increases in the lysine and histidine were found to be statistically 
significant (¢ = 3.73, P < 0.01, andt = 2.80, P A 0.02 respectively). The 
increase in the valine value was not statistically significant (¢ = 1.64, 
P > 0.1). Ross (12, 13) has shown that breast-fed infants excrete greater 
quantities of free amino acids in the feces than do infants receiving prepared 
diets. The high lactose content of human milk was mentioned as possibly 
influencing the amount of free amino acids excreted in the feces. Ross also 


TABLE IV 
EFFECT OF LACTOSE ON THE LEVELS OF AMINO ACIDS IN THE FECES 


The amino acid levels are expressed as mgm. per week 
(mean values + standard error of the mean) 











No. Ration Lysine Valine Histidine 
6 Potato starch 67 + 6.2 88 + 7.0 38 + 2.4 
7 Potato starch and lactose 73 + 4.9 88 + 3.9 41 + 2.9 
8 Sucrose 21 + 0.9 26 + 1.3 7.4 & 0.22 
9 Sucrose and lactose 29 + 2.1 31 + 2.4 9.0 + 0.45 

















found that in the feces of the breast-fed infants the predominant organism was 
Lactobacillus bifidus which comprised almost the whole flora; whereas with 
the infants on artificial diets the fecal organisms were mixed, and L. bifidus 
was either scanty or absent. Mitchell (9) showed that there was an increase 
of Bacillus acidophilus in the intestinal flora of the rat when 15% of lactose 
was incorporated into the diet. Thus it seems possible that an alteration of 
the intestinal flora may be associated with the increased levels of amino acids 
found in the feces of rats receiving supplementary lactose in the sucrose ration. 
The slow rate of removal of lactose from the intestinal tract may permit the 
growth of a greater and more varied flora. However, the laxative effect of 
lactose, which may cause greater losses of ingested protein, cannot be entirely 
disregarded. 

Since the food intake influences the amount of endogenous nitrogen excreted, 
the amounts of amino acids excreted per gram of protein ingested are reported 








584 


CANADIAN JOURNAL OF MEDICAL SCIENCES. VOL. 30 


in Table V for the groups receiving supplementary nonprotein nitrogen. On 
this basis, there was a tendency for an excretion of slightly higher levels of 
amino acids in the feces when ammonium salts were included in the rations 


con 
eve 


taining either unmodified potato starch or autoclaved corn starch. How- 
r, this increase was not found to be statistically significant. 
TABLE V 
EFFECT OF AMMONIUM SALTS ON THE LEVELS OF AMINO ACIDS IN THE FECES 


The results are expressed as mgm. of fecal amino acid per gram of protein ingested 
(mean values + standard error of the mean) 





























No. Ration Lysine Valine Histidine Methionine 

10 Potato starch 13.7 + 0.89 13.4 + 0.63 6.8 + 0.32 3.0 + 0.84 

11 Potato starch and N 16.1 + 1.96 15.5 + 1.41 7.4 + 0.59 3.9 + 0.54 

12 Autoclaved corn starch 11.8 + 0.97 12.2 + 0.67 4.3 + 0.22 3.5 + 0.32 

13 AutoclavedcornstarchandN| 13.5 + 1.08 13.3 + 0.95 4.8 + 0.36 3.8 + 0.28 

14 Corn starch 4.8 + 0.45 5.3 + 0.40 2.0 + 0.24 1.3 + 0.04 

15 Corn starch and N 3.7 + 0.40 4.3 + 0.23 2.0 + 0.16 1.1 + 0.07 
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THE ROLE OF THE ADRENAL GLAND IN SODIUM RETENTION 
FOLLOWING ACUTE VENOUS OBSTRUCTION! 


By SypNEY M. FRIEDMAN, Mryosut NAKASHIMA, AND 
CONSTANCE L. FRIEDMAN 


Abstract 


An acute reduction in sodium excretion was observed to follow the obstruction 
of the renal vein or inferior vena cava above the entrance of the renal vein in the 
rat, whether or not the venous effluent from the adrenal gland was involved. 
Similar reductions in sodium excretion occurred in the adrenalectomized animal. 
Surprisingly, a moderate reduction in sodium excretion also occurred on partial 
obstruction of the inferior vena cava below the renal veins. 


Recently, the role of the kidney in the causation of edema of congestive 
failure has been arousing much interest. This interest was stimulated by 
Schroeder (11) and Futcher and Schroeder (4) who re-emphasized the fact 
that sodium retention by the kidney is a key link in the chain of events leading 
to edema. Since then, intensive attempts have been made to clarify the 
mechanisms involved in the observed reduction in sodium excretion. Merrill 
(7) called attention to an observed diminution in filtration rate and presented 
evidence to link this causally with the abnormally low excretion of sodium. 
Bradley and Blake (2) challenged this idea both by a re-analysis of the data 
of Merrill and others, as well as by demonstrating that elevating the renal 
venous pressure in man could diminish sodium excretion without affecting the 
filtration rate. Blake, Wégria, Keating, and Ward (1) extended these findings 
by direct experiment in the dog. They produced an elevated venous pressure 
by constriction of the renal vein on one side. From a comparison of renal 
function on the ligated side with that on the other, they concluded that an 
elevated venous pressure was of itself capable of causing a marked reduction 
in sodium excretion. This reduction was independent of other changes in 
basic renal hemodynamics or function. 

In spite of these observations, the temporal relation of the elevated venous 
pressure to the other events in congestive failure remained unknown (3). 
Further, Hwang et al. (5) demonstrated that the sodium retention which 
followed elevation of the renal venous pressure was only temporary and 
tended to disappear spontaneously. Stamler et a/. (12), however, showed that 
ligation of the inferior vena cava above the liver, which of course also elevates 
renal venous pressure, was accompanied by a marked and sustained reduction 
of sodium excretion as well as by edema. 

Throughout the course of most of these studies the suggestion has frequently 
been made that the adrenal cortex, through the secretion of some desoxycorti- 
costeronelike material, might be implicated in the diminished excretion of 
sodium during cardiac edema (3, 8). Blake et al. (1) cast some doubt on the 

1 Manuscript received May 12, 1952. 
Contribution from the Department of Anatomy, University of British Columbia, Vancouver, 
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role of such endocrine factors by showing that unilateral constriction of the 
renal vein caused a reduction of sodium excretion only on the operated side, 
although they did not compare this with sodium excretion in intact controls. 

It seemed to us that a possible explanation for some of the divergence of 
results in the venous constriction experiments might reside in the peculiarities 
of the venous drainage of the adrenal gland. In addition to the central vein, 
the adrenal possesses subsidiary channels, ordinarily of lesser importance, 
passing back to join (usually) with the venous effluent of the posterior 
abdominal wall, or occasionally, with the inferior vena cava directly. Such 
channels certainly occur in the rat, rabbit, and man (unpublished observa- 
tions). The possibility occurred to us that elevations in venous pressure 
might affect the adrenal gland and that such elevations would only be sustained 
where the subsidiary channels were also partly obstructed. Furthermore, in 
addition to this possibility, it seemed to us that the réle of the adrenal gland 
in the immediate response to an acute elevation in renal venous pressure 
should be clarified. The following report concerns the findings in these 
investigations, which failed to show any adrenal factor in the reduction of 
sodium excretion following acute elevation in renal venous pressure. 


Experimental 

Methods 

All of the experiments reported here were carried out using mature male 
albino rats. Animals’were prepared by removing the right kidney and the 
corresponding adrenal gland at least seven days prior to each experiment. 
The aim of this procedure was to facilitate interference with the venous 
drainage of the adrenal or kidney by restricting the manipulations to one side. 
Venous constriction was effected by ligating the vessel together with a 24 
gauge (B. & S.) stylet, and then removing the stylet. Twenty-four hours 
after the experimental operation the animals were placed in a funnel and urine 
was collected for two hours. It seemed to us that any retention of sodium 
would become apparent by determining the amount of sodium excreted during 
the collection period although, of course, no conclusions could be drawn 
concerning the renal mechanisms involved. Preliminary observation in a 
control series of rats indicated the advisability, for purposes of uniformity, 
of allowing no water intake for three hours prior to the collection. Urinary 
sodium was determined by minor modification of the method of Polley (9). 


Observations 

In all, 11 experiments involving 131 rats were carried out. In each case a 
suitable number of controls was carried to offset the effects of day-to-day 
variation. The results obtained were, however, reasonably consistent, and 
are accordingly presented here in two main groups: (a) experiments concern- 
ing the effect of venous ligation on sodium excretion in the presence of the 
adrenal gland, and (b) experiments carried out in the absence of the adrenal. 
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It will be recalled that in all experiments the animals possessed only the left 
kidney and adrenal at the time the experimental procedures were carried out. 

The method of presentation of data adopted here, since it groups experi- 
ments carried out on different days, necessarily increases the scatter of the 
data. Statistical analysis of the raw data, without any preliminary selection, 
tends accordingly to be weighted against finding differences between the 
population means under study. In our opinion, accordingly, the statistical 
differences observed probably have real meaning. 

Table I presents the data obtained in the first set of experiments. It is 
apparent that exposure and manipulation of the remaining adrenal and kidney 
were without consistent effect on the sodium excretion, although there was a 
greatly increased scatter in the data. In marked contrast, constriction of 
the renal vein close to the kidney, i.e., distal to the entrance of the adrenal 
vein on that side (left) significantly reduced the excretion of sodium to 
almost half the normal. This would indicate that the response to constriction 
could certainly occur without any increase in venous pressure in the adrenal 
outflow channels. When the renal vein was constricted proximally, however, 
close to its entrance into the vena cava, a still greater reduction in sodium 
excretion occurred. In the latter procedure, where the ligature was proximal 
to the junction of adrenal and renal veins, venous pressure must have been 
elevated in both vessels. As an additional guarantee that the ligature would 
obstruct venous outflow from the adrenal, all visible secondary veins emerging 
from the gland were carefully cut or tied before applying the ligature to the 
renal vein. 

As a further check that the variable involved in proximal and distal ligation 
of the renal vein was the adrenal venous effluent, the inferior vena cava itself 














TABLE I 
Na excretion m.e. 
Procedure a % ——— om Significance 
animals Average | S.D. contro 
Control 15 0.19 + 0.08 — i ieiacaliiade 
Sham operation 9 0.18 + 0.14 — | 
Ligation renal 12 0.10 + 0.05 —47 EQ aes 
vein, close to | | 
kidney P < 0.02 
Ligation renal 6 0.06 + 0.04 — 68 ££ €0.01 | 
vein, close to | 
ve 
Ligation I.V.C., 9 0.05 + 0.03 —74 ric——_ 
above renal 
vein 
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was ligated just below the liver. Surprisingly, sodium excretion in these 
animals was the lowest observed. This result does not fit in with the idea 
that the only variable involved is the adrenal outflow. 

To determine whether the adrenal was variably affected by the different 
ligatures, a second set of experiments was carried out using adrenalectomized 
rats. The results obtained are presented in Table II. It is apparent that the 
adrenalectomized rat shows a diminished sodium excretion in the postoperative 
period, so that the base line is lower than in the first set of experiments. 
Significantly, ligation of the renal vein still produced a marked fall in sodium 
excretion, and even more surprisingly, ligation of the inferior vena cava above 
the renal vein caused a still greater decline. Interestingly, the degree of 
difference in sodium excretion between the renal vein and inferior vena cava 
ligation procedures was almost identical in both experiments, indicating that 
this effect is completely independent of the adrenal gland. 

The ligation of the vena cava had been carried out above the renal vein and 
well below the liver. On careful examination, we could not find any anatomical 
reason for the difference between the ligation procedures. It occurred to us 
therefore that possibly, in addition to the mechanical circulatory interference, 
some nervous reflex might also be involved in ligation of the inferior vena 














TABLE II 
Na excretion m.e. 
Procedure Rees atl 7% om po Significance 
4'S | Average | S.D. — 
Adrenalectomy 26 0.12 + 0.07 stain 
Adrenalectomy plus_ renal 22 0.08 + 0.05 — 33 Lp < 0.02 
vein ligation | 
| 
Adrenalectomy plus _ I.V.C. 24 0.06 + 0.06 —50 “p < 0.01 
ligation, above renal vein 
Adrenalectomy plus I.V.C. 8 0.08 + 0.04 —33 
ligation, below renal vein 





























TABLE III 
: Na excretion m.e. 
—— No. 4 % Change 
animals Average | S.D. contro 
Adrenalectomy 5 0.16 + 0.07 
Adrenalectomy plus I.V.C. ligation, 6 0.06 + 0.02 —62 
above renal vein 
Adrenalectomy plus I.V.C. ligation, 6 0.11 + 0.05 —31 
below renal vein 
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cava. To test this idea, the inferior vena cava was ligated just below the 
renal vein. A reduction in sodium excretion followed. This seems to suggest 
that the effects of obstructing the venous return from the kidney are not 
simply due to mechanical or hemodynamic factors, but may involve a more 
generalized response, possibly of nervous origin. 

This latter finding was sufficiently interesting to justify a repetition of this 
particular experiment. Table III presents the data observed. Again, the 
reduction in sodium excretion caused by ligation of the inferior vena cava 
below the renal vein is apparent. This observation, considered together with 
the same result obtained in the preceding experiment, probably has real 
meaning. 


Discussion 


The findings here reported support fully those of Blake et al. (1) with regard 
to the effect of an acute elevation of venous pressure on sodium excretion. 
The data also support the contention of these workers that endocrine factors 
are not involved in the response, at least as far as an adrenal implication is 
concerned. 

While our findings do not entirely explain the difference in sodium excretion 
between low and high inferior vena cava ligation observed by Hwang et al. (5), 
they do suggest one possible factor which might be involved. In our experi- 
ments there is no reason to assume the involvement of any organ other than 
the kidney and yet constriction of the inferior vena cava above the renal vein 
caused more sodium retention than did constriction of the renal vein itself. 
Further, constriction of the inferior vena cava even below the renal vein 
caused some sodium retention. It is not likely that this is due to altered 
cardiac dynamics as a result of impaired venous return, for these experiments 
were performed 24 hr. after operation and the rat has a notoriously adaptive 
collateral circulatory bed. More specifically opposed to this explanation is 
the observed difference in sodium excretion when the renal vein is constricted 
close to the kidney or close to the inferior vena cava, a difference which 
certainly cannot be referred to cardiac dynamics. 

At present, the possibility of a nervous factor in sodium retention certainly 
requires investigation. Interestingly, Reinhardt (10), studying the effect on 
water excretion of constriction of the inferior vena cava above the kidneys, 
between the kidneys, and below the kidneys, obtained results remarkably 
similar to those reported here. He concluded that ‘‘venous obstruction may 
alter diuretic activity by mechanisms entirely independent of (and additional 
to) local effects produced by increased venous pressure’. Further, Kaplan 
and Rapoport (6) have adduced evidence to indicate that the splanchnic 
nerve is important in the assembly of the final urinary load of sodium and 
chloride. Such a view would clarify the markedly increased scatter of our 
data for sodium excretion in animals subjected to sham operation. 

Finally, it should be emphasized that the findings here reported deal only 
with the effects of acute obstruction of veins, and may have no necessary 
connection with events in chronic venous pressure elevations. 
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Summary 


1. Rats were prepared by preliminary removal of the right kidney and 
adrenal gland. One week later various venous obstructions were induced and 
their effect on sodium excretion observed. 

2. Obstruction of the left renal vein proximal to the entrance of the adrenal 
vein caused a greater reduction in sodium excretion than did partial ligation 
of the distal part of the renal vein. Partial ligation of the inferior vena cava 
just above the entrance of the renal vein caused a still greater diminution in 
sodium excretion. 

3. These acute effects on sodium excretion occurred even in the absence of 
the adrenal gland. 

4. Partial ligation of the inferior vena cava below the renal vein also caused 
a moderate reduction in sodium excretion. 

5. To explain these findings, it is suggested that operative manipulation of 
the vena cava exerts an effect on sodium excretion (possibly nervous) over and 
above the hemodynamic effects of an elevated venous pressure. 
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